The influence of growth regulators on the anatomical, morphological development and quality of apple fruits by Al-Wir, Ayed Issa
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1978
The influence of growth regulators on the
anatomical, morphological development and
quality of apple fruits
Ayed Issa Al-Wir
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Plant Biology
Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Al-Wir, Ayed Issa, "The influence of growth regulators on the anatomical, morphological development and quality of apple fruits "
(1978). Retrospective Theses and Dissertations. 6526.
https://lib.dr.iastate.edu/rtd/6526
INFORMATION TO USERS 
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 
1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity. 
2. When an image on the film is obliterated witfi a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find s 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete. 
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced. 
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received. 
University Microfilms International 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 USA 
St John's Road. Tyler's Green 
High Wycombe, Bucks, England HP10 8HR 
7903953 
AL-WIR, AVED ISSA 
THE INFLUENCE OF GROWTH REGULATORS ON THE 
ANATOMICAL, MORPHOLOGICAL DEVELOPMENT AND 
QUALITY OF APPLE FRUITS-
IOWA STATE UNIVERSITY, PH.D., 1978 
Univetsi^  
MicTOTms 
Intemàional 300 N. 2ÊÊB ROAD. ANN ARBOR. Ml 48106 
The influence of growth regulators on the anatomical, 
morphological development and quality of apple fruits 
by 
Ayed Issa Al^Wir 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major: Horticulture 
For the Graduate College 
Iowa State University 
Ames, Iowa 
Approved: 
For the Major De^rtmént 
1978 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
ABSTRACT vii 
INTRODUCTION 1 
LITERATURE REVIEW 3 
MATERIALS AND METHODS 15 
1976 15 
1977 17 
RESULTS 21 
Fruit Growth and Development in 1976 21 
Fruit Growth and Development in 1977 33 
Fruit Quality in 1976 43 
Fruit Quality in 1977 51 
Anatomical Study 53 
DISCUSSION 71 
Fruit Growth, Development, and Quality 71 
Anatomical Study 77 
SUMMARY AND CONCLUSION 87 
LITERATURE CITED 90 
ACKNOWLEDGMENTS 101 
m 
LIST OF TABLES 
Page 
Table 1 
Table 2. 
Table 3. 
Table 4. 
Table 5. 
Table 6. 
Table 7. 
Table 9. 
The effect of GA4+7 + BA on the fruit length (cm) of 
'Chieftain' apples during development and at harvest 
(20 weeks after FB) as influenced by concentration and 
time of application in 1976 
The effect of GA^+y + BA on the fruit diameter (an) of 
'Chieftain' apples during development and at harvest 
(20 weeks after FB) as influenced by concentration and 
time of application in 1976 
The effect of GA4+7 + BA on the fruit L/D ratio of 
'Chieftain' apples during development and at harvest 
[20 weeks after FB) as influenced by concentration and 
time of application in 1976 
The effect of GA4+7 + BA on the fruit length (cm) of 
'Jonathan' apples during development and at harvest 
(20 weeks after FB) as influenced by concentration and 
time of application in 1976 
The effect of GA4+7 + BA on the fruit diameter (.cm) of 
'Jonathan' apples during development and at harvest 
(20 weeks after FB) as influenced by concentration and 
time of application in 1976 
The effect of GA4+7 + BA on the fruit L/D ratio of 
'Jonathan' apples during development and at harvest 
(20 wesks after FB) as influenced by concentration and 
time of application in 1976 
Table 8. 
The effect of GA4+7 + BA on the fruit length (cm) of 
'Delicious' apples during development and at harvest 
(20 weeks after FB) as influenced by concentration and 
time of application in 1976 
The effect of GA4+7 + BA on the fruit diameter (cm) of 
'Delicious' apples during development and at harvest 
(20 weeks after FB) as influenced by concentration and 
time of application in 1976 
The effect of GA4+7 + BA on the fruit L/D ratio of 
'Delicious' apples during development and at harvest 
(20 weeks after FB) as influenced by concentration and 
time of application in 1976 
22 
23 
25 
26 
28 
29 
31 
32 
34 
iv 
Page 
Table 10. The effect of growth regulators applied at 50% petal 
fall or at eight weeks after full bloom on the fruit 
length (cm) of 'Chieftain' apples during development 
and at harvest (20 weeks after full bloom) in 1977 35 
Table 11. The effect of growth regulators applied at 50% petal 
fall or at eight weeks after full bloom on the fruit 
diameter (cm) of 'Chieftain' apples during development 
and at harvest (20 weeks after full bloom) in 1977 37 
Table 12. The effect of growth regulators applied at 50% petal 
fall or at eight weeks after full bloom on the fruit 
L/D ratio of 'Chieftain' apples during development 
and at harvest (20 weeks after full bloom) in 1977 38 
Table 13. The effect of growth regulators applied at 50% petal 
fall or at eight weeks after full bloom on the fruit 
volume (cm3) of 'Chieftain' apples during development 
and at harvest (20 weeks after full bloom) in 1977 40 
Table 14. The effect of growth regulators applied at 50% petal 
fall or at eight weeks after full bloom on the fruit 
weight (gms) of 'Chieftain' apples during development 
and at harvest (20 weeks after full bloom) in 1977 41 
Table 15. The effect of growth regulators applied at 50% petal 
fall or at eight weeks after full bloom on the fruit 
specific gravity of 'Chieftain' apples during develop­
ment and at harvest (20 weeks after full bloom) in 1977 42 
Table 16. The effect of GA4+7 + BA on the fruit firmness, per­
centage of total soluble solids, and starch content of 
'Chieftain', 'Jonathan', and 'Delicious' apples at 
harvest as influenced by concentration and time of 
application in 1976 44 
Table 17. The effect of GA4+7 + BA on the fruit specific gravity 
and on number of seeds per fruit of 'Chieftain', 
'Jonathan', and 'Delicious' apples at harvest as 
influenced by concentration and time of application 
in 1976 45 
Table 18. The effect of GA4+7 + BA on the fruit size and weight 
of 'Chieftain', 'Jonathan', and 'Delicious' apples at 
harvest as influenced by concentration and time of 
application in 1976 47 
V 
Page 
Table 19. The effect of GA4+7 + BA and succinic acid 2,2-
dimethylhydrazide on the fruit size and weight of 
'Chieftain' apples at harvest in 1976 48 
Table 20. The effect of surfactants and two concentrations of 
GA4+7 + BA applied at petal fall on the fruit size 
and weight of 'Chieftain' apples at harvest in 1976 50 
Table 21. The effect of growth regulators applied at 50% petal 
fall or eight weeks after full bloom on the fruit 
firmness, percentage of total soluble solids, starch 
content, water core, and number of seeds per fruit in 
'Chieftain' apples in 1977 52 
Table 22. The effect of growth regulators applied at 50% petal 
fall or eight weeks after full bloom on the fruit 
size and weight of 'Chieftain' apples at harvest in 
1977 53 
Table 23. The effect of growth regulators applied at 50% petal 
fall on the number of cells, cell dimensions, and 
total cell area in both cross and longitudinal sec­
tions of 'Chieftain' apples at three weeks after full 
bl00m 54 
Table 24. The effect of growth regulators applied at 50% petal 
fall on the number of cells, cell dimensions, and 
total cell area in both cross and longitudinal sec­
tions of 'Chieftain' apples at four weeks after full 
bloom 56 
Table 25. The effect of growth regulators applied at 50% petal 
fall on the number of cells, cell dimensions, and 
total cell area in both cross and longitudinal sec­
tions of 'Chieftain' apples at five weeks after full 
bloom 58 
Table 26. The effect of growth regulators applied at 50% petal 
fall on the number of cells, cell dimensions, and 
total cell area in both cross and longitudinal sec­
tions of 'Chieftain' apples at six weeks after full 
bl 00m 59 
vi 
Page 
Table 27. The effect of growth regulators applied at 50% petal 
fall on the number of cells, cell dimensions, and 
total cell area in both cross and longitudinal sec­
tions of 'Chieftain' apples at seven weeks after full 
bloom 61 
Table 28. The effect of growth regulators applied at 50% petal 
fall on the number of cells, cell dimensions, and 
total cell area in both cross and longitudinal sec­
tions of 'Chieftain' apples at eight weeks after full 
bloom 62 
Table 29. The effect of growth regulators applied at 50% petal 
fall or eight weeks after full bloom on the number of 
cells, cell dimensions, and total cell area in both 
cross and longitudinal sections of 'Chieftain' apples 
at nine weeks after full bloom 64 
Table 30. The effect of growth regulators applied at 50% petal 
fall or eight weeks after full bloom on the number of 
cells, cell dimensions, and total cell area in both 
cross and longitudinal sections of 'Chieftain' apples 
at 11 weeks after full bloom 65 
Table 31. The effect of growth regulators applied at 50% petal 
fall or eight weeks after full bloom on the number of 
cells, cell dimensions, and total cell area in both 
cross and longitudinal sections of 'Chieftain' apples 
at 13 weeks after full bloom 66 
Table 32. The effect of growth regulators applied at 50% petal 
fall or eight weeks after full bloom on the number of 
cells, cell dimensions, and total cell area in both 
cross and longitudinal sections of 'Chieftain' apples 
at 15 weeks after full bloom 68 
Table 33. The effect of growth regulators applied at 50% petal 
fall or eight weeks after full bloom on the number of 
cells, cell dimensions, and total cell area in both 
cross and longitudinal sections of 'Chieftain' apples 
at harvest 69 
vii 
ABSTRACT 
A study was conducted in 1976 to determine the influence of gibber-
el lin A4A7 (GA4+7) and benzyl adenine (BA) on the fruit growth and quality 
of Mai us domestica Borkh. cvs. Chieftain, Jonathan, and Delicious. On 
the 'Chieftain', additional studies were conducted to determine the 
_influence of GA4+7 + BA in the presence of daminozide or the surfactants, 
Nu-Film-17, Regulaid, Plyac, and Triton B-1956. In 1977, a study was 
conducted to determine the influence of 3-chlorophenoxy-a-propionamide 
C3-CPA), GA^^y, BA, and GA^+y + BA i surfactant on the anatomical and 
morphological development of the 'Chieftain' apple. 
In 1976, the results showed that 12.5 and 25 ppm GA4+7 + BA applied 
at full bloom and petal fall improved quality by enhancing the fruit L/D 
ratio. The 25 ppm treatment at petal fall was most effective on the 
'Chieftain' and 'Jonathan', while the same concentration applied at 
full bloom was most effective on the 'Delicious'. Only the petal fall 
application of 25 ppm GA^^y + BA increased the average fruit weight in 
the 'Jonathan'. Full bloom application at 25 ppm on the 'Chieftain' 
delayed fruit maturity, and the 12.5 ppm treatment at petal fall 
increased the number of seeds per fruit. Applying 25 ppm GA4+7 + BA 
at petal fall overcame the reducing effect of daminozide on fruit size 
and weight. Treating 'Chieftain' apples with 25 ppm at petal fall 
in the presence of surfactants enhanced the effect of GA4+7 + BA by 
increasing the number of large size fruits. The Nu-Film-17 treatment 
was superior to other surfactants. 
vi  i 
In 1977, 12.5 ppm of GA^+y or RA, 25 ppm GA4+7 + BA i Nu-Film-17 
applied at 50% petal fall and 100 ppm 3-CPA applied on 'Chieftain' 
apples at eight weeks after full bloom increased the fruit L/D ratio 
by altering the fruit length but not the diameter. The 25 ppm GA^+y 
+ BA + surfactant and 100 ppm 3-CPA treatments decreased the percentage 
of total soluble solids in the fruits after four months in cold storage. 
The anatomical study revealed that the treatments did not alter 
cell division in the fruit cross sectional plane. In the longitudinal 
section, the GA^+y + BA t surfactant and BA treatments increased cell 
division by three weeks after full bloom; the effect persisted until 
maturity. The GA4+7 treatment increased cell division by six weeks 
after full bloom which ended two weeks later, and the 3-CPA treatment 
had no effect. Cell enlargement was mainly in the longitudinal section; 
this started to show increases during four weeks after full bloom and 
persisted until maturity in the GA^+y, GA^+y + BA, and 3-CPA treatments. 
The effect of GA^+y + BA + surfactant and B/^ ended at nine and 15 weeks, 
respectively, after full bloom. The increased L/D ratio and the total 
cell area in the longitudinal section of the treated fruits were 
associated with the increased cell division and cell enlargement. It 
is suggested that the BA was primarily associated with cell division, 
while GAg+y and 3-CPA were primarily associated with cell enlargement, 
and a combination of GA^+y and BA increased both cell division and 
cell enlargement. 
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INTRODUCTION 
Quality is one of the important factors that determines the 
price and marketability of fruits and vegetables, especially those 
which are intended for fresh consumption. For apples, quality 
includes shape, color, size, firmness, and "typiness". Greenhalgh 
and Godley (42) defined "typey" apple fruits as those which are 
elongated, have pronounced calyx lobes, and attract premium prices. 
External factors such as climate, as well as internal factors such 
as genes and hormones, control these parameters. Warm temperatures, 
for example, during the early period of fruit development tend to 
produce flatter apples with reduced length-to-diameter ratios (42, 
82). Heavy tree canopy and improper pruning result in poor fruit 
color (19) whereas heavy crop loads tend to produce smaller size 
apples and might lead to biennial bearing (19). 
Extensive use of the growth regulator succinic acid-2,2-dimethyl-
hydrazide (daminozide) to increase flower bud formation, improve 
fruit color and firmness, and delay maturity has resulted in flatter 
and smaller size apples of inferior quality (79, 112, 135). 
Since a good share of the apple production is in areas where 
post-bloom temperatures impair fruit shape and with the use of damino­
zide in all production areas, there is an interest in improving the 
typiness of fruit shape. Several researchers have reported improved 
fruit shape through the use of gibberellins (114, 117, 120, 134), 
cytokinins (114, 117, 134), or their combination (114, 125, 126, 
134). 
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In an attempt to improve fruit shape and quality, this study was 
conducted in Iowa for two years. In 1976 the objectives of this 
research were to determine: 
1. The effects of combined applications of two gibberellic 
acids (GA^^j) and 6-benzyladenine CBA) on fruit growth, 
quality, and yields of three cultivars of Mai us domes tica 
Borkh., 'Chieftain', 'Jonathan', and 'Delicious'. 
2. The effects of GA4+7 + BA on quality and yields of 
'Chieftain' apples in the presence of succinic acid 
2,2-dimethylhydrazide (daminozide) and four different 
surfactants. 
In 1977 the objectives of this research were to: 
1. Compare the effects of 6A4+7 + BA t surfactant with those 
of GA4+7, BA, and 3-chlorophenoxy-a-propionamide (3-CPA) 
on fruit growth, quality, and yields of apples. 
2. Determine anatomically the influence of these growth 
regulators on cell division and enlargement in the apple 
fruit. 
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LITERATURE REVIEW 
Interpretation of the morphology of the apple fruit is uncertain. 
Two theories have been suggested. The receptacular theory considers 
the fruit to be composed of five drupe-like carpels contained in a 
fleshy receptacle and regards it as a fleshy development of the stem 
(136). The appendicular theory considers the carpels to be enclosed by 
fleshy tissue derived from the fused and enlarged bases of the floral 
appendages. Numerous workers (75, 76, 77, 109, 110) have 
concluded that the apple fruit develops from the basal portions of the 
perianth and stamens which are fused and adnated to the carpels. 
Tetley (118) reported that growth in the apple fruit after the time 
of fruit set was mostly a matter of cell enlargement. However, there have 
been many reports on fruit development where cell division was observed at 
three, and up to 12 weeks after full bloom (5,  10,  24,  25,  76,  109, 122).  
MacArther and Wetmore (76) reported that fertilization was followed by 
general cell division and cell enlargement, and the period of cell divi-
\ : 
sion varied with the tissue and the apple cultivar. Tukey and Young 
(122), working on several apple cultivars [Lodi, Early Harvest, Twenty 
Ounce, Mcintosh, and Rome), reported that one month before full bloom the 
cortex had about 17 layers of cells with little intercellular space and by 
full bloom the cortex had about 33 layers, indicating cell division. Two 
weeks after full bloom, increased cell division and cell enlargement were 
observed. During the same period, there were 65 layers of cells and 
cell division seemed to have ceased two weeks later. All subsequent 
growth was by cell enlargement and increase in intercellular space. 
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Smith (109) and Bain and Robertson (5) reported that until about 
four weeks after full bloom the bulk of development in the apple tissue 
was due to cell division; after that it was due to cell enlargement. 
They concluded seasonal and varietal size variations were due to cell 
size. 
Reeve (100) suggested that fruits of different apple cultivars, 
comparable in size, differed in the diameters of the cortical cells at 
maturity. He reported that mature cells of 'Delicious' apples had a 
diameter of 161-171%, 221-235% for 'Gravenstein', and 190-210% for 
'Newtoivn Pippin', 'Rome Beauty', and 'Winesap' cortical cells. 
Reeve also reported that different cultivars not only differed in 
their cell dimensions at maturity, but also in the intercellular spaces. 
He noted that up to 25% of the final volume in 'Delicious', 'Winesap', 
'Newtown Pippin', and 'Rome Beauty' apples and 30% in the 'Gravenstein' 
apples were occupied by air space. Bell (8) found that intercellular 
spaces in 'Golden Delicious' apples were prominent as early as one month 
after full bloom. These spaces were usually elongated radially two to 
three times the length of the average cells and occupied up to 30% of 
the final fruit volume. 
Smith (110) found a positive correlation between cell size, cell 
number, and fruit size in 'Brambley's Seedling' apples. He also reported 
that larger fruits had more phloem than xylem which enhanced translocation 
of photosynthates to the fruits. Westwood (132) reported that smaller 
apples had a higher specific gravity than large ones on any given date. 
This was presumably due to less intercellular space. 
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The effects of post-bloom temperatures on apple fruit development 
have been studied by many workers (10, 42, 82, 123). Blanpied and Wilde 
(10) reported that there was a diurnal pattern of cell division with 
maximum divisions at noon and minimum divisions at night; this division 
pattern also persisted in fruits bagged in black cloth. Cell number 
counts at the end of the cell division period indicated that the 
amplitude of cell division was positively related to temperature. 
Tukey (123) found that within a 24-hour period, a typical cycle 
of apple fruit enlargement occurred. Between 30 to 90 days after 
anthesis apples exhibited a reduction in diameter between 6:00 a.m. 
and 2:00 p.m., and regained the original morning size and some enlarge­
ment by 6:00 p.m. This was followed in turn by appreciable enlargement 
between 6:00 p.m. and 6:00 a.m. the following morning. He concluded 
that this was associated with moisture stress within the trees and day 
and night temperatures. Similarly, McKenzie (82) and Greenhalgh and 
Godley (42) reported that fruit shape of several apple cultivars 
expressed as Length:Width ratio was markedly affected by spring 
temperatures. A negative correlation was found between fruit shape 
and soil or air temperatures during the seven days following full 
bloom. 
These phenomena of altered growth geometry could be related to the 
synthesis and/or flow of endogenous hormones which in turn alter cell 
division and/or cell enlargement in the developing fruits. Leopold (60) 
reported that cellular enlargement in growing fruits was more associated 
with auxins than other hormones. These were actively synthesized in the 
embryo and the endosperm. Similarly, cytokinins, which are synthesized 
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in the roots, were reported to have some control on cell division in the 
developing apples (41). 
Although there have been numerous research studies done with plant 
growth regulators on different plant tissues, there is a controversy 
over which class of growth regulators controls a certain physiological 
activity in the plant. The evidence is far from conclusive as to what 
the interactions are between the different classes. Leopold (60) con­
cluded that the growth of flowers, flower stalks, fruit-set, and fruit 
growth may involve not only auxins but also gibberellins, cytokinins, 
and inhibitors. This conclusion was strengthened by Letham (64) who 
reported that the final fruit shape depended on a balance between 
gibberellins and cytokinins. 
Gibberellins are considered primarily to stimulate cell enlargement. 
However, there have been many reports where cell division was observed 
in beans (35, 43, 85), peas (111), Hyoscyamus niger (103), and onion 
anthers (127). Schroeder and Spector (106) reported that 6A stimulated 
callus formation in excised citron fruit mesocarp. 
Many workers have suggested an interaction between the action of 
gibberellins and auxins in plants (13, 14, 37, 39, 55, 56, 59, 105, 116). 
Kuraishi and Muir (59) reported that dwarf and normal pea plants and 
sunflower plants treated with gibberellin yielded three, two, and ten 
times more auxin, respectively, than untreated controls. They proposed 
that GA could have acted by increasing inhibitors which prevented 
enzymatic destruction of auxin. Diffusible auxin was reported to be 
absent in tomato flowers at anthesis, but significant quantities were 
detected after the plants were treated with gibberellin (105). They also 
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found that the early growth of the ovary in plants treated with gibber-
ellin corresponded closely with growth after pollination and fertiliza­
tion. Since extracts from the stamens revealed the presence of GA, it 
was suggested that the stimulus of pollination in fruit growth arose from 
gibberellin in the pollen which resulted in the production of diffusible 
auxin in the ovary tissue (105). 
Gibberellic acid treatment synergistically enhanced lAA-induced 
elongation of excised stem segments of either dwarf or normal peas (116). 
It also showed a synergistic effect and reduced the lag period of 
tryptophan-induced elongation. This reduction in the lag period 
suggested that GA promoted the conversion of tryptophan to auxin (116). 
Brian and Hemming (14), Galston (37), and Galston and McCune (39) 
in separate experiments on pea plants suggested that gibberellin 
increased the concentration of a phenolic inhibitor of the lAA-oxidase 
system, thereby producing greater auxin concentration in tissues which 
in turn promotes cell elongation. Kefford (55) proposed that the contri­
bution of exogenous gibberellin to elongation of the rice coleoptile 
was dependent upon the auxin status of the coleoptile. This supported 
the hypothesis requiring an interaction between auxin and gibberellin 
actions. This proposed scheme of gibberellin action dependence on auxin 
was also put forward by Kefford and Goldacre (56). However, reports by 
Hillman and Purves (52)% Kato (54), and Purves and Hillman (98) proposed 
that auxin and gibberellin made independent contributions to cell enlarge­
ment in etiolated pea epicotyl and stem sections because gibberellin pro­
moted growth in the presence of inhibitory concentrations of lAA, and the 
antiauxin, p-chlorophenoxyisobutyric acid, and others inhibited 
8 
auxin-induced growth while it did not inhibit gibberellin-induced growth. 
Devlin (29) concluded that gibberellins and auxins act both independently 
and together depending on the plant species, tissue under consideration, 
and the kind of response being measured. 
Cell division has been generally associated with cytokinin, but 
there have been numerous reports where plants or plant tissues treated 
with cytokinin exhibited cell enlargement (2, 3, 4, 38, 40, 51, 61, 83, 
86, 97). Goldacre and Bottomley (41) reported that crude extract from 
'Granny Smith' apples of 5-8 tim diameter induced cell division in blocks 
of tobacco stem pith in the presence of ÎAA. It was postulated that this 
extract was a cvtokinin and it was responsible for cell division in the 
fruitlets. They also reported that discs of apple fruits in which normal 
cell division had ceased were stimulated to resume this activity when 
treated with coconut milk and kinetin. Dennis (27) reported that coconut 
milk was not effective. Letham and Bollard (66) reported the presence of 
stimulants for cell division in quince, plum, peach, apple and pear fruits. 
In the 'Stunner Pippin' apples, cell division stimulants were detected 
30 and 54 days after fertilization, and after 58 days and in mature 
fruits of the 'Granny Smith' apples (66). They postulated that the con­
tinued presence of stimulants for cell division in the apple fruitlets 
after the cessation of intense cell division suggested that division is 
not regulated solely by the presence or absence of such stimulants. 
The presence of stimulants for cell division in the developing receptacle 
is not entirely dependent on fertilization, yet removing the seeds alters 
the growth of the fruitlets. Therefore, the developing fruit may depend 
in part on the seeds for supply of such stimulants (66). 
9 
Letham and Williams (67) and Zwar and Bruce (137) isolated in 
separate experiments the cytokinin, zeatin, from young apple fruits. 
Borkowska (11, 12) reported the presence of cytokinin-like compounds 
in the seed coat, endosperm, cotyledons, and embryo of apple seeds. 
He also found a high cytokinin activity in the swelling apple buds. 
Concentration of cytokinins in 'Bangalore Blue' grapes was reported 
to be maximum at anthesis and the first rapid growth period but declined 
markedly during the lag and subsequent rapid growth phase (17). It was 
suggested that besides auxins, GA, abscisic acid (ABA), and ethylene, 
cytokinins are also involved in the growth and development of grape 
berries (17), citrus, and tomato fruits (44, 45). 
Letham (65) reported that applications of either zeatin or 
6-benzyl-amino-9-Ctetrahydropyran-2-yl)-purine to flowers of three 
apple cultivars resulted in improved fruit quality measured by 
increased fruit density of 'Cox's Pippin Orange' apples, promoted 
fruit elongation of 'Splendour' apple fruits, and increased weight of 
'Jonathan' apples. 
The influence of the achenes upon the growth of the strawberry 
was studied by Nitsch (89) who reported that removal of the achenes 
completely stops further growth of the fleshy part. Partial removal, 
however, results in fruits of abnormal shape. Synthetic growth 
substances g-naphthoxyacetic acid and indole-3-butyric acid restored 
the growth of the receptacle and normal shape and size in the absence 
of the achenes. He concluded that the achenes are the source 
of auxin necessary for normal fruit development. Similarly, it was 
reported that during the various stages of the grape berry development. 
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different levels of growth substances were detected (21, 88, 90). Apple 
seeds were also reported to have auxins (70, 119) and GA (26). 
Treating developing 'Golden Delicious' apple fruitlets with GA4+7 
and BA improved fruit quality by increasing the length and hence the 
length-to-diameter ratio (32, 117). Salah (104) reported that applica­
tions of GA in 1% lanolin paste significantly increased the diameter of 
whole and cut fruits of 'Stayman' and 'Winesap' apples, and localized 
applications of GA4 to 'Wealthy' apples induced asymmetry at the site of 
application. Fruits treated with GA4 grew in length due to an increase 
in cell size and number (16). 
Sprays of aqueous solutions of potassium salt of GA (KGA) were 
reported to be more effective than o-(2-naphthoxy)-propionic acid on 
early fruit growth of both apples and pears (79). GA applications at 400 
and 800 ppm to unpollinated 'Jonathan' flowers resulted in smaller and 
lighter fruits with correspondingly fewer cells than pollinated fruits, 
but they were longer and asymmetrical as compared to controls (120). 
Similarly, Crane and Grossi (23) reported decreased fig fruit size with 
increased GA concentration; however, fruit maturity was hastened by 
15-25 days. 
It seems that GA failed to stimulate the number of cell divisions 
needed to produce full-sized fruits, but it could be an exception rather 
than a rule. It was reported that GA4 and GA7 were effective in promot­
ing apple fruit growth and, as a result, improved fruit quality by 
increasing the L/D ratio (16, 134). Bukovac reported that GA4 was more 
effective than GA3 in promoting fruit elongation (15). This supports 
other researchers who suggested the occurrence of different gibberellins 
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in fruit flesh (26, 49), in seeds [26, 28, 74), and in spurs (68). 
Wertheim (131) reported that application of GA4+7 to 'Cox's Pippin' 
apples reduced the June drop and increased fruit length, but it did 
not affect fruit size or flower bud formation. 
GA treatments at 100 or 200 ppm on Loquat cvs. 'Pale Yellow' and 
'Thames Pride' increased fruit set from 27% to 85% and increased the 
linear growth rate of the fruit, resulting in longer fruit (57). These 
treatments increased fruit weight and reduced acidity. 
Kumar et al. (58) reported that full bloom sprays of GA at 250-1000 
ppm, p-chlorophenoxyacetic acid (PCPA) at 25-100 ppm, 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-T) at 5-20 ppm, or 2,4-dichlorophenoxyacetic 
acid (2,4-D) at 5-20 ppm all increased fruit set and consequently yields 
of sweet limes, GA being most effective. These treatments also increased 
fruit size, total soluble solids, and ascorbic acid content, but delayed 
fruit maturity. 
Singh et al. (107) reported that GA, naphthaleneacetic acid (NAA), 
and 2-(2,4,5-trichlorophenoxy)propionic acid (2,4,5-TP) applications at 
100 and 250 ppm to mango fruits accelerated fruit ripening. Fruit size 
and quality were enhanced only by GA. Application of the airmonium salt 
of 2,4,5-T to apricots at 25-100 ppm increased fruit growth, advanced 
maturity, and increased flesh thickness [22). 
Studies to determine optimum timing of application and concentra­
tions of combinations of GA4, GA7, and/or BA for commercial use have been 
underway for the past few years. Williams (133) and Williams and Stahly 
(134) reported that trials with cytokinins and gibberellins alone and in 
combination on 'Delicious' apples increased the L/D ratio of the fruits. 
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with cytokinin being more effective in promoting lobiness than GA^+y. 
However, Modlibowska and Wickenden (84) reported that cytokinin had no 
beneficial effect, and Stembridge and Worrell (114) reported that while 
both GA4+7 and BA sprays enhanced L/D ratio, a combined application of 
both materials was more effective on the prominence of calyx lobes. 
Unrath (125, 126) reported that combined applications of GA^+y and 
BA at 50 to 200 ppm to 'Starkrimson Delicious' apples were effective in 
increasing the fruit length and weight over the controls. Fruit color 
and firmness were not altered whereas seed numbers per fruit were 
decreased at 200 ppm, flower initiation was reduced by concentrations 
above 500 ppm, and concentrations of 25 ppm were as effective as 50 ppm 
while concentration of 12.5 ppm was not effective. 
Martin et al. (78) reported that cytokinin at 500 ppm sprayed on 
'Delicious' apples three days after petal fall increased the fruit set 
by 16% and resulted in a fruit L/D ratio of 1.04 compared to 0.94 in 
the control. Treatments with GA3 or GA4+7 at 5 to 50 ppm were reported 
to be less effective. Taylor (117) reported that increased concentra­
tions of GA4+7 sprays resulted in declined skin russet on 'Jonathan' and 
'Golden Delicious' apples and gave rise to less broad, more elongated 
'Jonathan' apples as compared with the controls. BA sprays, however, 
increased the level of skin russeting and resulted in more broad, less 
elongated fruits. Similarly, Eccher (32) reported that GA4+7 applica­
tions to 'Golden Delicious' apples reduced russeting, lAA and ABA had 
no effect, and kinetin increased it. 
Several theories have been suggested concerning the mode of action 
of GA (16, 32, 105) and BA (32) in increasing fruit growth. Eccher (32) 
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suggested that the increased growth of fruits treated with various GA 
and/or BA applications, which was expressed by either increased weight 
or size, was probably due to increased activity of cell division and/or 
cell enlargement. Bukovac and Nakagawa [16) suggested that GA treatments 
might have increased the accumulation of metabolites into these actively 
growing centers. Sastry and Muir (105) reported increased auxin con­
centration in tomato ovaries within 28 hours after treatment with GA. 
They suggested that the GA treatment might have been responsible for the 
increased production of fruit auxins which are known to increase mobiliza­
tion of nutrients and photosynthates to actively growing centers like 
fruits. Such increased mobilization of nutrients or photosynthates also 
was reported in other plant tissues treated with growth regulators (6, 
18, 30, 47, 48, 80, 102). 
Cytokinins also were reported to increase mobilization of nutrients 
to the site of treatment. Letham (62) reported increased mobilization 
of nutrients and amino acids to sites treated with cytokinins. Quinlin 
and Weaver (99) showed that by applying a cytokinin to a grape leaf, 
translocation of photosynthates to the treated area was increased. 
Response to exogenous applications of growth regulators differ 
with different plant species, concentrations, time of application, and 
climatic conditions. Letham (63) reported that 'Cox's Orange Pippin' 
apples treated with zeatin did not increase fruit weight. He suggested 
that different apple cultivars differed in their response to applica­
tions of gibberellins and cytokinins, and the final shape of fruits 
probably depended on a balance between these compounds. 
Based on the current literature, this study was undertaken to 
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further determine the influence of GA, BA, and auxin on fruit development 
of the apple. 
In 1976, the objectives of this study were to determine: 
1. The effects of combined applications of two gibberellic acids 
{GA4+7) and the cytokinin, 6-benzyladenine (BA), GA4+7 + BA,^ on fruit 
growth, quality, and yields of three cultivars of Malus domestica Borkh., 
'Chieftain', 'Jonathan', and 'Delicious'. 
2. The effects of GA^+y + BA on quality and yields of 'Chieftain' 
apples in the presence of daminozide and four different surfactants: 
Nu-Film-17,2 Regulaid,^ Triton B-1956,4 and Plyac.5 
In 1977, the objectives of this study were to: 
1. Compare the effects of GA^^y + BA with and without (t) surfactant 
(Nu-Film-17) with those of GA4+7,® BA,^ and 3-chlorophenoxy-a-propionamide 
(3-CPA)8 on fruit growth, quality, and yields of the 'Chieftain' apples. 
2. Determine anatomically the influence of these growth regulators 
on cell division and cell enlargement in the apple fruit. 
1 Formulated mixture supplied as experimental compound ABG-3001 by 
Abbott Laboratories, North Chicago, 111. 
^Manufactured by Miller Chemical and Fertilizer Corp., Hanover, Pa. 
^Manufactured by Kalo Laboratories, Inc., Kansas City, Mo. 
^Manufactured by Rohm and Haas Company, Philadelphia, Pa. 
^Manufactured by Allied Chemicals, Morristown, N.J. 
^Formulated mixture supplied by Abbott Laboratories, North Chicago, 
ni. 
^Supplied by Abbott Laboratories, North Chicago, 111. 
^Supplied as experimental compound 75-A497 by Amchem Products, Inc., 
Ambler, Pa. 
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MATERIALS AND METHODS 
This research was conducted during the growing seasons of 1976 and 
1977 at the Iowa State Horticulture Experimental Station located about 
ten miles northeast of Ames, Iowa. 
1976 
Three cultivars of apples (Maius domestica Borkh.) were used as 
experimental material. These were 'Chieftain'/Ml06, 'Jonathan'/M7, and 
'Starking Delicious'/Clark/seedling. Nine-year-old bearing trees were 
selected for their uniformity of size and bloom in April 1976. 
Aqueous sprays containing GA4+7 + BA (1:1:2 active ingredients, 
respectively) were applied at two concentrations, 12.5 and 25 ppm at a 
rate of approximately 1200 liters/hectare using a hydraulic sprayer which 
delivered a fine mist at 18 kg/cm^. 
The growth regulator treatments were applied to the three cultivars 
at full bloom (FB, May 5, 1976) and at petal fall (PF, May 10, 1976). 
Treatments were applied in the morning when ambient temperature was 
between 10-12® C and the wind was calm. Only "half trees" were sprayed 
with the growth regulator, while the other half was considered as 
control. 
To evaluate the influence of GA4+7 + BA on 'Chieftain' fruits in 
the presence of four surfactants (Nu-Film-17, Regulaid, Triton B-1956, 
and Plyac), whole tree treatments were applied at PF at 12.5 and 25 
ppm. The surfactants were applied at 1 ml/liter. 
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To determine the influence of GA^+y + BA on 'Chieftain' fruits in 
the presence of daminozide, whole trees treated with GA4+7 + BA at both 
timings and concentrations were sprayed with 1000 ppm daminozide, ten 
weeks after FB [July 10, 1976). 
On the three cultivars, 15 king fruits per "half tree" were tagged 
and their development was followed through the growing season. Measure­
ments of the fruit length and diameter were taken at weekly intervals at 
the beginning of the season and later reduced to biweekly intervals. 
To determine harvest maturity, pressure tests using a standard 
Magness-Taylor pressure tester and visual estimation of the fruit 
vascular tissue discoloration were used. 'Chieftain' fruits were 
harvested on September 13, 1976 at about 1.6 kg/cm?, 'Jonathan' fruits 
on September 7, 1976 at 1.3 kg/cmf, and 'Delicious' on September 10, 
1976 at 1.2 kg/cmZ. Harvested fruits were stored in refrigerated 
storage at 0® C until they were graded for size by 0.6 cm increments 
using type A3 grader, manufactured by Greefa, Geldermalsen, Holland. 
Fruit weight and number in each size group were recorded for all treat­
ments . 
Five fruits were collected at random from each GA^+y + BA treated 
trees; these were tested for final L/D ratios and mean fruit weight. 
Specific gravity was determined employing a displacement method. 
Fruit firmness was measured by removing 1 cm^ of the peel and by 
using a standard Magness-Taylor pressure tester. Two readings were 
taken on the fruit shoulder on opposite sides and the average of these 
was recorded-
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The percentage of total soluble solids (TSS) was determined with 
a hand refractometer (American Optical Corp. Model 10423). Fruit juice 
was collected from two opposite locations, combined, and read directly. 
Fruits were cut in half in the cross section plane and the number 
of well-developed seeds was recorded. Starch content of the fruits was 
assessed by dipping "half apples" in a 1% iodine in ethanol solution 
and using a 1 to 6 rating scale for the fruit cross sectional area that 
did not stain: 1 = 0%, 2 = 1-20%; 3 = 21-40%, 4 = 41-60%, 5 - 61-80%, 
6 = 81-100%. 
All treatments were analyzed for variance in a randomized complete 
block design replicated four times. The mean separation was computed 
by using Duncan's multiple range test (31). 
1977 
'Chieftain'/Ml06 apple trees (Maius domestica Borkh.) were the 
experimental material. Ten-year-old bearing trees, other than those used 
in the 1976 studies, were selected for their uniformity of size and bloom 
in April 1977. Aqueous sprays containing either gibberellin A4A7 
(GA4+7), benzyladenine (BA), 6A4+7 + BA (1:1:2 active ingredients), 
GA4+7 + BA + Nu-Film-17 or 3-CPA were applied to whole trees at 12.5, 12.5, 
25, and 100 ppm, respectively. Nu-Film-17 was applied at 1 ml/liter. 
The spray material was applied in the same manner as in 1976 with 
the addition of a polyethylene screen to separate trees and prevent 
drift of spray material. Treatments of GA4+7, BA, and GA4+7 + BA in the 
presence or absence of a surfactant (Nu-Film-17) were applied at 50% 
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petal fall (April 30, 1977), and the 3-CPA treatment was applied eight 
weeks after full bloom (June 22, 1977). 
Five king fruits per tree were tagged and the fruit development 
was followed through the growing season until maturity. Measurements 
of the fruit length and diameter were recorded at weekly intervals until 
nine weeks after full bloom, and then reduced to biweekly measurements, 
and the length-to-diameter ratio was computed. 
Three weeks after full bloom, three fruits from each treatment were 
collected at weekly and later at biweekly intervals, fruit weight was 
recorded, and specific gravity of the fruits was determined employing a 
displacement method. Fruit volume was estimated by dividing fruit weight 
by specific gravity. "Cores" from each fruit were obtained from the 
equatorial plane of the fruit using a 5-10 mn cork borer. This location 
on the fruit was reported to be a good representative of the main fruit 
tissue (5). The "cores" were preserved in a formalin acetic acid (FAA) 
solution (1:2:7:10 glacial acetic acid/formaldehyde/H20/95% ethanol) 
for later sectioning and use in the anatomical study. 
Pressure tests were used to determine fruit maturity at harvest as 
previously described. 'Chieftain' apples were harvested on September 20, 
1977 at 1.5 kg/cm^. Harvested fruits were immediately stored in 
refrigerated storage at 1 to 2® C until they were graded for size. 
Fruit weight and number in each size group were recorded for all treat­
ments . 
After harvest, the tagged fruits were tested in the laboratory for 
final length, diameter, weight, volume, specific gravity, firmness, per­
centage of total soluble solids, number of seeds, starch and water core. 
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Also, final core samples were obtained from these fruits for the 
anatomical study. 
Ten-fruit-samples were collected at random from each tree and were 
placed in refrigerated storage at 1 to 2° C for four months. At the end 
of the storage period, these samples were tested for firmness and 
percentage of total soluble solids as previously described. 
Free-hand cross and longitudinal sections were made from each fruit 
"core" preserved in FAA solution. Both sections were obtained at 3 to 4 
mm beneath the skin as was previously reported to be a satisfactory 
location (5). Staining procedures outlined by Horner et al. (53) were 
followed. Sections were dehydrated in 95% ethanol (5 to 10 min), placed 
in Johansen's safranin for 10 min, and rinsed in 95% ethanol for 15 sec 
to remove excess stain. Sections were then placed in 0.5% Chlorazol 
black E in 100% ethanol for 5 to 8 sec for a contrasting stain, and 
rinsed in 100% ethanol for 15 sec to remove excess stain. After stain­
ing, the sections were placed in 1:1 xylene:100% ethanol for 1 min and 
then in pure xylene for 3 to 5 min to prevent the stains from leaching 
out. Sections were finally mounted on 75 x 25 mm slides and Canada Balsam 
was used as a mounting material. 
Photographs of both cross and longitudinal sections were taken with 
the lOX bright field objective using a Leitz ortholux microscope with 
orthomat automatic 35 mm camera. The developed films were printed on 
contact sheets. This resulted in a final magnification of 42X. Area of 
the fruit tissue under the microscope which the camera could see was 
0.500 mm^ as measured by a stage micrometer. Photographs of the stage 
micrometer (American Optical Co., Buffalo, N. Y.) were taken under the 
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same objective so that the final magnification was the same as that of 
the tissues. Transparencies of the stage micrometer were prepared from 
the photographs and were used to determine the cell dimensions. This 
technique allowed direct measurement of the actual cell dimensions. 
Cell counts were made on the developed contact sheets. All the 
cells in a 0.500 mm^ were counted from three weeks after full bloom until 
harvest. Since the cells in fruit cortex were ellipsoid in shape, the 
long axis (major axis) and short axis Cminor axis) were measured. 
Dimensions of 20 to 25 cells on two diagonals were measured. Cell area 
was calculated using the formula nab where a_is half the length of the 
major axis and ^ is half the length of the minor axis. The average area 
of the cells was calculated and multiplied by the total number of cells 
to give the total cell area under the microscope objective. The calcu­
lated total cell areas were converted into percentages of the total 
tissue area under the microscope objective. 
Data were analyzed for variance using a randomized complete block 
design and the mean separation was computed by using Duncan's multiple 
range test (31). 
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RESULTS 
Fruit Growth and Development in 1976 
The length and diameter of the tagged fruits were measured at weekly 
and biweekly intervals during development and at harvest. The L/D ratios 
were computed from these readings. 
Applications of GA4+7 + BA on 'Chieftain' apples at both timings and 
concentrations increased the length between three and eight weeks after FB 
and at harvest as compared to the control (Table 1). Various treatments 
were not different from each other. At ten weeks after FB, the length of 
fruits treated with 25 ppm GA4+7 + BA at FB was comparable to the control. 
Similarly, at 14 weeks after FB, treating with 25 ppm at PF was not 
different from the control, while at harvest all treatments increased 
fruit length over the control but were not different from each other. 
Differences in fruit diameter of 'Chieftain' apples due to treatments 
were found at four, six, and ten weeks after FB and at harvest (Table 2). 
At four weeks after FB, the 12.5 ppm GA4+7 + BA treatment at PF increased 
the fruit diameter over the control and the 25 ppm at FB and PF treat­
ments. Applying 12.5 ppm at FB was not different from either the control 
or the same treatment applied at PF. At six weeks after FB, the 12.5 ppm 
treatment applied at PF resulted in an increased fruit diameter over other 
treatments but not over the control. At ten weeks after FB, fruits 
treated with 12.5 ppm GA4+7 + BA at PF had an increased diameter over the 
control and those treated with 25 ppm at FB, while other treatments had 
no effect. At harvest, the 12.5 ppm treatments applied at FB and PF in­
creased the fruit diameter over the control but not over other treatments. 
Table 1. The effect of GA4+7 + BA on the fruit length (cm) of 'Chieftain' apples during development 
and at harvest (2O weeks after FB) as influenced by concentration and time of application 
in 19761 
GA4+7 + BA ^ WEEKS AFTER FULL BLOOM 
(ppm) Timing^ 3 4 5 6 8 10 14 20 
12.5 FB 2.06 a 2.49 a 2.93 a 3.22 a 3.92 a 4.50 a 6.08 a 7.02 a 
25 FB 2.04 a 2.54 a 3.05 a 3.32 a 3.96 a 4.29 ab 6.14 a 6.87 a 
12.5 PF 2.08 a 2.51 a 3.00 a 3.29 a 3.98 a 4.53 a 5.99 a 7.00 a 
25 PF 1.98 a 2.42 a 2.93 a 3.22 a 3.85 a 4.40 a 5.89 ab 7.05 a 
0 1.69 b 2.08 b 2.50 b 2.77 b 3.46 b 4.02 b 5.57 b 6.37 b 
iMeans in each column followed by the same letter are not significantly different at 5% level 
Duncan's multiple range test. 
2fB = full bloom (May 5); PF = petal fall (May 10). 
Table 2. The effect of GA4+7 + BA on the fruit diameter (cm) of 'Chieftain' apples during develop­
ment and at harvest (20 weeks after FB) as influenced by concentration and time of 
application in 1976' 
6A4+7 + BA WEEKS AFTER FULL BLOOM 
(ppm) TimingZ 3 4 5 6 8 10 14 20 
12.5 FB 1.77 2.24 ab 2.68 2.97 b 3.80 4.63 ab 6.28 7.20 a 
25 FB 1.74 2.14 c 2.70 2.96 b 3.84 4.45 b 6.24 7.06 ab 
12.5 PF 1.76 2.28 a 2.78 3.15 a 3.99 4.71 a 6.24 7.22 a 
25 PF 1.64 2.14 c 2.70 3.00 b 3.80 4.54 ab 6.09 7.12 ab 
0 - 1.62 2.18 be 2.74 3.10 ab 3.78 4.44 b 6.06 6.90 b 
^Means in each column followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
^FB = full bloom (May 5); PF = petal fall (May 10). 
'Chieftain' apples treated with GA4+7 + BA at both concentrations 
and timings resulted in increased fruit L/D ratios during development and 
at harvest (Table 3). At three weeks after FB there were no differences 
due to timing or rate of application, while at four weeks after FB the 
25 ppm at FB treatment was associated with a higher L/D ratio. This 
higher L/D ratio persisted through the fifth and sixth week after FB; 
however, at five weeks after FB, the 25 ppm at FB treatment was not 
different from the 12.5 ppm at FB or 25 ppm at PF treatments. At eight 
weeks after FB, there were no differences due to timing or rate of 
application, while at ten weeks after FB the 25 ppm at FB treatment 
maintained a higher L/D ratio over the control and other treatments. 
At 14 weeks after FB, the 25 ppm FB treatment resulted in a greater 
L/D ratio over the control and only over the 12.5 ppm PF treatment. 
At harvest, 20 weeks after FB, 25 ppm GA^+y + BA applied at PF resulted 
in the most pronounced increase in the fruit L/D ratios as compared 
to the other treatments and the control (Table 3). 
Differences in fruit length of 'Jonathan' apples due to treatments 
were found at five, ten, and 14 weeks after FB and at harvest (Table 4). 
At five weeks after FB, both PF treatments increased the fruit length 
over the control. The FB treatments were not different from the 25 
ppm at PF treatment or the control. At ten weeks after FB, 25 ppm 
GA4+7 + BA applied at both FB and PF increased the fruit length over 
the control but were not different from the 12.5 ppm treatments. At 
20 weeks after FB, only 25 ppm at PF application resulted in increased 
fruit length. 
Table 3. The effect of GAa+y + BA on the fruit L/D ratio of 'Chieftain' apples during development 
and at harvest (20 weeks after FB) as influenced by concentration and time of application 
in 19761 
GA4+7 + BA _ WEEKS AFTER FULL BLOOM 
(ppm) Timing^ 3 4 5 6 8 10 14 20 
12.5 FB 1.171 a 1.110 b 1.090 ab 1.087 b 1.033 a 0.972 b 0.967 ab 0.975 b 
25 FB 1.187 a 1.188 a 1.132 a 1.120 a 1.032 a 1.021 a 0.986 a 0.973 b 
12.5 PF 1.188 a 1.103 b 1.079 b 1.048 c 1.000 a 0.962 b 0.951 b 0.970 b 
25 PF 1.206 a 1.133 b 1.087 ab 1.074 be 1.120 a 0.971 b 0.968 ab 0.990 a 
0 - 1.043 b 0.963 c 0.911 c 0.893 d 0.916 b 0.905 c 0.919 c 0.923 c 
iMeans in each column followed by the same letter are not significantly different at 5% level 
Duncan's multiple range test. 
2fb = full bloom (May 5); PF = petal fall (May 10). 
Table 4. The effect of GA4+7 + BA on the fruit length (cm) of 'Jonathan' apples during development 
and at harvest (20 weeks after FB) as influenced by concentration and time of application 
in 1976" 
GA4+7 + BA WEEKS AFTER FULL BLOOM (ppm) TimingZ 3 4 5 6 8 10 14 20 
12.5 FB 1.60 2.10 2.60 be 2.85 3.37 3.86 ab 5.12 a 6.10 b 
25 FB 1.65 2.15 2.59 be 2.88 3.40 3.95 a 4.82 a 6.12 b 
12.5 PF 1.69 2.18 2.89 a 2.97 3.42 3.90 ab 5.01 a 6.14 b 
25 PF 1.68 2.21 2.81 ab 2.99 2.55 4.07 a 5.01 a 6.64 a 
0 - 1.58 2.03 2.51 c 2.79 3.33 3.66 b 4.25 b 5.94 b 
^Means in each column followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
2fb = full bloom (May 5); PF = petal fall (May 10). 
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Treating 'Jonathan' apples with + BA altered the fruit 
diameter only at five weeks after FB (Table 5). Both FB applica­
tions resulted in a decreased fruit diameter as compared to the 
control but were not different from the PF treatments. 
Treating 'Jonathan' apples with GA4+7 + BA at both concentra­
tions and timings resulted in increased fruit L/D ratio over the 
control during development and at harvest (Table 6). At three 
weeks after FB, treatments were equally effective in increasing 
the fruit L/D ratio. However, at four weeks after FB, the highest 
L/D ratio was associated with the 25 ppm at PF treatment which was 
different from the 12.5 ppm at FB treatment. During the fifth 
and sixth weeks after FB, all treatments were equally effective 
in increasing the L/D ratio of the fruits. At eight weeks after 
FB, the 12.5 ppm at PF treatment maintained the greatest L/D ratio 
over the control. This was different from both FB treatments, 
and the 25 ppm at PF treatment was also different from the 12.5 
ppm at FB treatment but not from the 25 ppm treatment at FB. At 
ten weeks after FB, only 25 ppm at FB and 12.5 ppm at PF treatments 
increased the L/D ratio over the control but not over the other 
treatments which were comparable to the control. The greatest 
L/D ratios were associated with both PF treatments at 14 weeks 
after FB and at harvest. These were different from both FB 
treatments at harvest and only from the 25 ppm at FB treatment 
at 14 weeks after FB. 
Table 5. The effect of GA4+7 + BA on the fruit diameter (cm) of 'Jonathan' apples during develop­
ment and at harvest,(20 weeks after FB) as influenced by concentration and time of 
application in 1976' 
GA4+7 + BA WEEKS AFTER FULL BLOOM 
(ppm) TimingZ 3 4 5 6 8 10 14 20 
12.6 FB 1.38 2.05 2.66 b 2.95 3.71 4.53 5.82 6.78 
25 FB 1.38 2.03 2.60 b 2.90 3.74 4.25 5.64 6.76 
12.5 PF 1.44 2.05 2.86 ab 3.18 3.63 4.27 5.51 6.62 
25 PF 1.40 2.03 2.81 ab 3.03 3.80 4.54 5.47 7.06 
0 1.53 2.24 2.88 a 3.19 3.87 4.28 5.29 6.79 
^Means in each column followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
2fb = full bloom (May 5); PF = petal fall (May 10). 
table 6. The effect of 6A4+7 + BA on the fruit L/D ratio of 'Jonathan' apples during development 
and at harvest (20 weeks after FB) as influenced by concentration and time of application 
in 1976' 
WEEKS AFTER FULL BLOOM 
(ppm) Timing? 3 4 5 6 8 10 14 20 
12.5 FB 1.156 a 1.025 b 0.981 a 0.967 a 0.907 c 0.886 ab 0.879 ab 0.900 b 
25 FB 1.197 a 1.059 ab 0.995 a 0.996 a 0.911 be 0.930 a 0.855 b 0.905 b 
12.5 PF 1.181 a 1.062 ab 1.014 a 0.937 a 0.945 a 0.913 a 0.910 a 0.927 a 
25 PF 1.200 a 1.087 a 1.000 a 0.986 a 0.932 ab 0.897 ab 0.916 a 0.941 a 
0 - 1.033 b 0.908 c 0.873 b 0.873 b 0.861 d 0.857 b 0.803 c 0.875 c 
^Means in each column followed by the same letter are not significantly different at 5% level 
Duncan's multiple range test. 
^FB = full bloom (May 5); PF = petal fall (May 10). 
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Treating 'Delicious' apples with GA4+7 + BA did not increase 
the fruit length at three or 14 weeks after FB (Table 7). Both FB 
applications and the PF application at 12.5 ppm increased the fruit 
length over the control at four and five weeks after FB. Applying 
25 ppm at PF resulted in a comparable fruit length with the control 
during both the fourth and fifth weeks and with the 12.5 ppm FB 
application during the fourth week after FB. Treatments were 
equally effective in increasing the fruit length at six weeks 
after FB. Both the 25 ppm at FB and 12.5 ppm at PF treatments 
increased the fruit over the control but were not different from 
the 12.5 ppm at FB and the 25 ppm at PF treatments at eight and 
ten weeks after FB. At harvest, 20 weeks after FB, only the 25 
ppm at FB treatment increased the fruit length over the control 
but was not different from other treatments. 
Treatments of GA4+7 + BA on 'Delicious' apples altered the 
diameter of the fruits only at three, four, and five weeks after 
FB (Table 8). At three weeks after FB, 25 ppm GA4+7 + BA applied 
at PF resulted in a decreased fruit diameter as compared to the 
control and to the 25 ppm at FB and the 12.5 ppm at PF treatments. 
Reduced diameter resulted at four weeks after FB in fruits treated 
with the 12.5 ppm at FB and the 25 ppm at PF treatments, while fruits 
treated with 12.5 ppm at PF were not different from the control or 
the FB treatment at 25 ppm. At five weeks after FB, both FB treatments 
and the 25 ppm at PF reduced the fruit diameter as compared to the 
control. The 12.5 ppm treatment at PF was comparable to the control 
and both FB treatments. 
Table 7. The effect of GA4+7 + BA on the fruit length (cm) of 'Delicious' apples during develop­
ment and at harvest (20 weeks after FB) as influenced by concentration and time of 
application in 1976' 
GA4+7 + BA WEEKS AFTER FULL BLOOM 
(ppm) Timing^ 3 4 5 6 8 10 14 20 
12.5 FB 1.89 2.47 ab 3.05 a 3.35 a 3.82 ab 4.37 ab 5.31 6.28 ab 
25 FB 1.96 2.59 a 3.08 a 3.49 a 3.98 a 4.44 a 5.63 6.69 a 
12.5 PF 1.97 2.58 a 3.11 a 3.39 a 3.95 a 4.43 a 5.77 6.39 ab 
25 PF 1.84 2.36 be 2.87 b 3.33 a 3.81 ab 4.31 ab 5.52 6.30 ab 
0 - 1.85 2.28 c 2.87 b 3.08 b 3.66 b 4.12 b 5.23 6.09 b 
^Means in each column followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
2fB = full bloom (May 5); PF = petal fall (May 10). 
Table 8. The effect of GA4+7 + BA on the fruit diameter (cm) of 'Delicious' apples during develop­
ment and at harvest (20 weeks after FB) as influenced by concentration and time of 
application in 19761 
GA4+7 BA 
(ppm) TimingZ 
WEEKS AFTER FULL BLOOM 
3 4 5 6 8 10 14 20 
12.5 FB 1.21 be 1.85 b 2.50 be 2.93 2.57 4.16 5.16 6.16 
25 FB 1.36 a 1.94 ab 2.51 be 3.01 3.64 4.08 5.38 6.37 
12.5 PF 1.35 a 2.02 a 2.62 ab 2.96 3.66 4.13 5.60 6.19 
25 PF 1.19 c 1.86 b 2.43 c 2.94 3.58 3.95 5.37 6.18 
0 1.34 ab 2.09 a 2.70 a 3.11 3.77 4.30 5.63 6.32 
^Means in each column followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
^FB = full bloom (May 5); PF = petal fall (May 10). 
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Applying GA4+7 + BA at 12.5 ppm at FB and 25 ppm at PF resulted in 
increased fruit L/D ratio over the control at three weeks after FB (Table 
9). Both the 25 ppm at FB and 12.5 ppm at PF treatments were not differ­
ent from either the control or those treated with 25 ppm at PF. All 
applications of GA4+7 + BA on 'Delicious' apples resulted in increased 
fruit L/D ratio between four and 20 weeks after full bloom. Treatments 
were not different from each other between four to six weeks and at 14 
weeks after FB. At eight and 20 weeks after FB, applying 25 ppm GA4+7 + 
BA at FB resulted in the greatest increase in the fruit L/D ratio, while 
other treatments were not different from each other. The greatest 
increase in the L/D ratio was associated with the 25 ppm at PF treatment 
at ten weeks after FB. This treatment was not different from the 25 ppm 
at FB or the 12.5 ppm at PF treatments, while it was different from the 
12.5 ppm at FB treatment. 
Fruit Growth and Development in 1977 
Fruit growth was followed during the growing season by weekly and 
biweekly measurements of the length and diameter of the tagged fruits. 
The fruit L/D ratio was computed from these readings. 
Treating 'Chieftain' apples with GA4+7 or GA4+7 + BA resulted in 
increased fruit length over the control at three and five weeks after 
FB (Table 10). Treating with GA4+7 + BA + surfactant increased the 
fruit length at five weeks after FB. The BA treatment had no effect 
at three and five weeks after FB as compared to the control and other 
treatments. At harvest, 20 weeks after FB, all treatments increased 
fruit length over the control. The GA4+7 + BA treatment increased the 
Table 9. The effect of GAa+7 + BA on the fruit L/D ratio of 'Delicious' apples during development 
and at harvest (2o weeks after FB) as influenced by concentration and time of application 
in 19761 
GA4+7 + BA ^ WEEKS AFTER FULL BLOOM 
(ppm) TimingZ 9 5 6 S TÔ "R 2Ô 
12.5 FB 1.580 a 1.333 a 1.218 a 1.144 a 1.070 ab 1.052 b 1.031 a 1.019 b 
25 FB 1.442 be 1.333 a 1.229 a 1.159 a 1.096 a 1.089 a 1.046 a 1.050 a 
12.5 PF 1 .466 abc 1.280 a 1.189 a 1.151 a 1.081 ab 1.074 ab 1.030 a 1.032 ab 
25 PF 1.545 ab 1.274 a 1.181 a 1.132 a 1.065 b 1.095 a 1.028 a 1.019 b 
0 1.378 c 1.090 b 1.030 b 0.991 b 0.971 c 0.959 c 0.928 b 0.964 c 
^Means in each column followed by the same letter are not significantly different at 5% level 
Duncan's multiple range test. 
2fB = full bloom (May 5); PF = petal fall (May 10). 
Table 10. The effect of growth regulators applied at 50% petal fall or at eight weeks after full 
bloom on the fruit length (cm) of 'Chieftain' apples during development and at harvest 
(20 weeks after full bloom) in 19771 
WEEKS AFTER FULL BLOOM 
TREATMENT 3 4 5 7 9 11 13 15 20 
GA4+7 + BA + Nu-Film-17 2.10 ab 2.47 2.82 a 3.43 4.08 4.52 5.06 5.53 6.58 ab 
GA/j^7 + BA 2.17 a 2.55 2.87 a 3.42 4.11 4.61 5.16 5.71 6.70 a 
GA4+7 2.20 a 2.55 2.92 a 3.46 4.12 4.58 5.10 5.59 6.48 ab 
BA 2.13 ab 2.49 2.77 ab 3.36 3.98 4.48 4.99 5.51 6.37 b 
3-CPA — — — — 3.90 4.40 4.89 5.44 6.37 b 
CONTROL 2.00 b 2.36 2.65 b 3.28 3.94 4.37 4.83 5.27 6.01 c 
^Means in each column followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
^12.5 ppm GA4+7, 12.5 ppm BA alone or in combination with or without Nu-Film-17 (1 ml/liter) 
applied at 50% PF and 100 ppm 3-CPA applied at eight weeks after FB. 
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fruit length over those treated with either BA or 3-CPA but not over 
those treated with either GA^+y or GA4+7 + BA + Nu-Fi1m-17. 
Treatments applied at 50% petal fall or at eight weeks after FB 
did not alter the fruit diameter of 'Chieftain' apples throughout 
development or at harvest (Table 11). 
Treatments increased the L/D ratio of 'Chieftain' fruits at 
all times as compared to the untreated controls (Table 12). Treat­
ments were not different from each other at three, four, and five 
weeks after FB, while the 25 ppm GA4+7 + BA treatment increased the 
fruit L/D ratio during the seventh week after FB as compared to 
either the GA^+y or BA treatments. Spraying the same treatment in 
the presence of the surfactant was not different from either GA^+y 
or BA. At nine weeks after FB, GA^+y + BA with or without Nu-Film-17 
increased the fruit L/D ratio over those treated with BA or 3-CPA, 
while GA^+y treatment was comparable to BA and GA^+y + BA + 
Nu-Film-17 treatments. At 11 weeks after FB, the GA/^+y + BA ± 
surfactant treatments increased the L/D ratio over GA^+y and 3-CPA 
treatments, while the BA treatment was not different from the others. 
At 13 weeks after FB, the GA^+y + BA treatment increased the L/D 
ratio over the GA^+y, BA, and 3-CPA treatments. The GA^+y + BA + 
Nu-Film-17 treatment was not different from the BA treatment during 
the 13th week after FB and the GA^^y, BA, and 3-CPA treatments had 
comparable L/D ratios during the same period. At 15 and 20 weeks 
after FB, the GA^+y + BA with or without surfactant treatments had 
higher fruit L/D ratios than GA^+y, BA, or 3-CPA treatments. 
Table 11. The effect of growth regulators applied at 50% petal fall or at eight weeks after full 
bloom on the fruit diameter (cm) of 'Chieftain' apples during development and at harvest 
(20 weeks after full bloom) in 1977' 
2 WEEKS AFTER FULL BLOOM TREATMENT^ 3 4 5 7 9 11 13 15 20 
GA4+7 + BA + Nu-Film-17 1.86 2.31 2.68 3.49 4.27 4.77 5.43 5.92 7.02 
GA44.7 + BA 1.91 2.34 2.69 3.41 4.27 4.87 5.49 6.11 7.15 
GA4+7 1.94 2.38 2.79 3.55 4.38 4.95 5.59 6.12 7.09 
BA 1.92 2.32 2.66 3.46 4.25 4.82 5.45 5.94 6.94 
3-CPA - — -- -- 4.25 4.71 5.35 5.94 6.94 
CONTROL 1.89 2.37 2.72 3.60 4.42 5.00 5.61 6.16 7.05 
^Mean separation in columns by Duncan's multiple range test, 5% level. 
^The 12.5 ppm 6A4+7, 12.5 ppm BA alone or in combination with or without Nu-Film-17 (1 ml/ 
liter) applied at 50% PF and 100 ppm 3-CPA applied at eight weeks after FB. 
Table 12. The effect of growth regulators applied at 50% petal fall or at eight weeks after full 
bloom on the fruit L/D ratio of 'Chieftain' apples during development and at harvest 
(20 weeks after full bloom) in 1977' 
WEEKS AFTER FULL BLOOM 
TREATMENT? 3 4 5 7 9 11 13 15 20 
GA4+7 + BA + 
Nu-Film-17 1.129 a 1.072 a 1.053 a 0.958 ab 0.956 ab 0.948 a 0.931 ab 0.935 a 0.937 a 
^^4+7 BA 1.136 a 1.090 a 1.067 a 1.004 a 0.963 a 0.946 a 0.939 a 0.935 a 0.937 a 
GA4+7 1.134 a 1.074 a 1.049 a 0.975 b 0.941 be 0.926 b 0.912 c 0.913 b 0.914 b 
BA 1.116 a 1.071 a 1.040 a 0.971 b 0.937 c 0.930 ab 0.916 be 0.915 b 0.917 b 
3-CPA — — 0.919 d 0.925 b 0.914 c 0.917 b 0.917 b 
CONTROL 1.055 b 0.996 b 0.973 b 0.911 c 0.891 e 0.874 c 0.862 d 0.860 c 0.852 c 
^Means in each column followed by the same letter are not significantly different at 5% level 
Duncan's multiple range test. 
^The 12.5 ppm GA4+7, 12.5 ppm BA alone or in combination with or without Nu-Film-17 (1 ml/ 
liter) applied at 50% PF and 100 ppm 3-CPA applied at eight weeks after FB. 
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Differences in fruit volume due to treatments were found 
at seven and 11 weeks after FB (Table 13). At seven weeks after 
FB, the GA4+7 + BA with or without the surfactant and GA^+y 
treatments increased the fruit volume over the control but not 
over the BA treatment. Similarly, at 11 weeks after FB, GA^+y + 
BA with or without the surfactant and GA^+y treatments increased 
the fruit volume over the control but not over the BA or 3-CPA 
treatments. At harvest, no differences due to treatments were 
observed. 
Treating with GA4+7 + BA 1 surfactant or GA4+7 increased 
the fruit weight over the control at 11 weeks after FB (Table 
14). The BA or 3-CPA treatments were not effective. Fruit weight 
of the treated and control 'Chieftain' apples were not different 
during other weeks of observation or at harvest. 
At nine weeks after FB, 'Chieftain' fruits treated with 
GA4+7 had a decreased specific gravity as compared with those 
treated with GA^y + BA + Nu-Film-17, BA, 3-CPA, and the control 
but were not different from GA^+y + BA treatment (Table 15). 
The GAg+y + BA treatment was comparable to the BA and 3-CPA treat­
ments. Fruit specific gravities of the treated and control apples 
were not different during other weeks of observation and at 
harvest. 
Table 13. The effect of growth regulators applied at 50% petal fall or at eight weeks after full 
bloom on the fruit volume (cm3) of 'Chieftain' apples during development and at harvest 
(20 weeks after full bloom) in 19771 
WEEKS AFTER FULL BLOOM 
TREATMENT^ 3 4 5 1 9 11 13 15 20 
GA4+7 + BA + Nu-Film-17 4.35 7.45 11.19 24.61 a 39.93 67.42 a 81.98 136.19 198.50 
GA4+7 + BA 5.17 7.26 11.44 23.16 a 49.26 66.80 a 91.68 127.64 204.99 
6A4+7 4.53 7.82 11.95 23.86 a 48.43 66.21 a 91.33 127.31 206.17 
BA 4.00 8.60 10.33 22.46 ab 43.03 62.00 ab 83.60 107.56 189.21 
3-CPA - - -- 40.50 61.61 ab 93.62 115.03 188.71 
CONTROL 5.03 7.15 9.97 19.15 b 37.61 49.88 b 81.39 109.45 198.87 
^Means in each column followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
^The 12.5 ppm GA4+7, 12.5 ppm BA alone or in combination with or without Nu-Film-17 [1 ml/ 
liter) applied at 50% PF and 100 ppm 3-CPA applied at eight weeks after FB. 
Table 14. The effect of growth regulators applied at 50% petal fall or at eight weeks after full 
bloom on the fruit weight (gms) of 'Chieftain' apples during development and at harvest 
(20 weeks after full bloom) in 1977' 
WEEKS AFTER FULL BLOOM 
TREATMENT 3 4 5 7 9 11 13 15 20 
GA4+7 + BA + Nu-Film-17 4.11 6.81 10.14 21.75 35.23 57.55 a 70.20 114.50 166.33 
GA^+y + BA 4.98 6.65 10.43 20.59 43.06 57.06 a 77.84 106.78 171.47 
GA4+7 4.35 7.07 10.75 20.99 42.20 56.55 a 77.56 106.00 171.46 
BA 3.88 7.89 9.38 19.90 37.86 53.50 ab 71.18 90.60 157.89 
3-CPA - - -- — - -- 35.68 52.93 ab 79.43 96.50 157.28 
CONTROL 4.19 6.34 8.95 17.04 33.04 43.20 b 68.90 92.36 166.05 
^Means in each column followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
^The 12.5 ppm GA4+ 7 ,  12.5 ppm BA alone or in combination with or without Nu-Film-17 [1 ml/ 
liter) applied at 50% PF and 100 ppm 3-CPA applied at eight weeks after FB. 
Table 15. The effect of growth regulators applied at 50% petal fall or at eight weeks after full 
bloom on the fruit specific gravity of 'Chieftain' apples during development and at 
harvest (20 weeks after full bloom) in 1977' 
TREATMENT^ 
WEEKS AFTER FULL BLOOM 
3 4 5 7 9 11 13 15 20 
GA^+y + BA + Nu-Film-17 0.962 0.915 0.906 0.884 0.883 a 0.854 0.858 0.840 0.840 
GA4+7 + BA 0.964 0.911 0.911 0.886 0.875 be 0.857 0.849 0.837 0.837 
GA4+7 0.959 0.900 0.900 0.880 0.871 c 0.854 0.850 0.833 0.832 
BA 0.969 0.917 0.906 0.886 0.880 ab 0.864 0.852 0.843 0.838 
3-CPA -- - - - - 0.881 ab 0.860 0.850 0.840 0.834 
CONTROL 0.954 0.898 0.895 0.891 0.879 ab 0.867 0.849 0.845 0.835 
^Means in each column followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
^The 12.5 ppm GA4+7, 12.5 ppm BA alone or in combination with or without Nu-Film-17 (1 ml/ 
liter) applied at 50% PF and 100 ppm 3-CPA applied at eight weeks after FB. 
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Fruit Quality in 1976 
After harvest, various measurements of fruit quality were collected 
on the 'Chieftain', 'Jonathan', and 'Delicious' fruits. 
Treatments of GA4+7 + BA on 'Jonathan' and 'Delicious' apples did 
not alter the fruit firmness (Table 16). Applying 25 ppm 6A4+7 + BA 
at FB to 'Chieftain' apples increased the fruit firmness as compared to 
that of the controls and 12.5 ppm GA4+7 BA treatments at FB and PF, 
whereas 25 ppm GA4+7 + BA applied at PF did not increase the fruit 
firmness over the controls or other treatments. The GA4+7 + BA treat­
ments at either concentration or timing did not alter the percentage of 
total soluble solids in either the 'Jonathan' or 'Delicious' fruits 
(Table 16). Application of 25 ppm GA^+y + BA at FB on 'Chieftain' 
reduced the percentage of total soluble solids as compared to the PF 
treatments and the control but were not different from the 12.5 ppm at 
FB treatment. The treatments had no influence on the starch content of 
the three cultivars (Table 16). 
Applications of GA/^^y + BA at either concentration or timing did 
not affect the fruit specific gravity of the three cultivars under 
consideration (Table 17). None of the GA^^y + BA treatments altered 
the number of seeds developed per fruit of the 'Jonathan' and 'Delicious' 
apples. The 12.5 ppm at PF treatment on 'Chieftain' apples increased 
the number of well-developed seeds per fruit as compared to the control 
and other treatments (Table 17). 
Table 16. The effect of GA4+7 + BA on the fruit firmness, percentage of total soluble solids, and 
starch content of ^Chieftain', 'Jonathan', and 'Delicious' apples at harvest as 
influenced by concentration and time of application in 1976' 
CHIEFTAIN JONATHAN DELICIOUS 
GA4+7 + BA (ppm) 
Timr 
ingZ 
Total 
Firmness soluble Starch 
(kg/cm2) solids(%) index3 
Total 
Firmness soluble Starch 
(kg/cm?) solids(%) index 
Total 
Firmness soluble Starch 
(kg/cm2) solids(%) index 
12.5 FB 1.16 b 14.48 ab 2.8 0.77 14.40 5.5 1.10 12.98 4.7 
25 FB 1.27 a 14.03 b 2.8 0.78 14.05 5.8 1.08 12.63 5.0 
12.5 PF 1.16 b 14.58 a 3.1 0.83 14.35 5.6 1.03 12.48 4.1 
25 PF 1.23 ab 14.93 a 3.0 0.85 14.15 5.6 1.05 12.93 4.4 
0 1.19 b 14.85 a 3.2 0.85 14.45 5.7 1.04 12.93 4.8 
^Means in each column followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
^FB = full bloom (May 5); PF = petal fall (May 10). 
^Starch index = percentage of the fruit cross sectional area which did not stain blue with 1% 
iodine in ethanol solution where: 1 = 05», 2 = 1-20%, 3 = 21-40%, 4 = 41-60%, 5 = 61-80%, 6 = 
81-100%. 
Table 17. The effect of GAa+7 + BA on the fruit specific gravity and on number of seeds per fruit 
of 'Chieftain', 'Jonathan', and 'Delicious' apples at harvest as influenced by concentra­
tion and time of application in 1976' 
CHIEFTAIN JONATHAN DELICIOUS 
GA4X7 + BA Specific No. of seods Specific No. of seeds Specific No. of seeds 
(ppm) TimingZ gravity per fruit gravity per fruit gravity per fruit 
12.5 FB 0.825 4.7 b 0.804 6.7 0.853 6.2 
25 FB 0.838 5.2 b 0.810 5.9 0.856 7.5 
12.5 PF 0.833 6.7 a 0.811 6.3 0.852 7.3 
25 PF 0.848 5.4 b 0.813 6.3 0.850 7.6 
0 M 0.835 5.3 b 0.812 7.0 0.850 7.7 
^Means in each column followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
2fB = full bloom (May 5); PF = petal fall (May 10). 
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Although all GA4+7 + BA applications resulted in increased fruit 
length in the three cultivars, none of them significantly increased 
the fruit size when considered as a percentage of large size fruits 
(Table 18). Sprays of 6A4+7 + BA to 'Delicious' apples at either 
concentration or timing had no effect on the average fruit weight. 
Treating 'Chieftain' apples with the growth regulator showed no 
significant effect on the fruit weight as compared to the control. 
However, 12.5 ppm of GA4+7 + BA applied at petal fall increased the 
average fruit weight as compared with 25 ppm applied at full bloom. 
Petal fall application of 25 ppm GA4+7 'Jonathan' trees 
increased the average weight of fruits over the control. 
Although numerous workers have reported that the use of daminozide 
resulted in reduced apple size, the results of this study show only 
a trend towards reduced fruit size [Table 19). In the experiment to 
determine the influence of GA4+7 + BA in the presence of daminozide 
the 25 ppm GA4+7 + BA treatment at PF overcame the negative effect of 
daminozide applied ten weeks after full bloœn, and increased the per­
centage of large size fruits by more than double over the daminozide 
alone treatment, while the other treatments were not effective in 
overcoming the size reducing effect of daminozide (Table 19). This 
treatment was also effective in increasing the percentage of large size 
fruits over the full bloom application of GA4+7 + BA at 12.5 ppm and the 
control in the absence of daminozide, but it was not different from full 
bloom application at 25 ppm or petal fall applications at 12.5 and 25 
ppm. Both GA4+7 + BA applications at FB as well as 12.5 ppm at PF in 
the presence of daminozide did not overcome the negative effect of 
Table 18. The effect of GA4+7 + BA on the fruit size and weight of 'Chieftain', 'Jonathan', and 
'Delicious' apples at harvest as influenced by concentration and time of application in 
19761 
CHIEFTAIN JONATHAN DELICIOUS 
GA4+7 + BA 
(ppm) 
Tim­
ing? 
% fruits > 7 
cm diameter 
av. fruit 
weight(gms) 
% fruits > 7 
cm diameter 
av. fruit 
weight(gms) 
% fruits > 7 
cm diameter 
av. fruit 
weight( 
12.5 FB 49.7 166 ab 33.3 252 b 27.8 186 
25 FB 56.2 158 b 33.1 204 b 38.2 216 
12.5 PF 57.7 176 a 38.9 240 b 40.2 216 
25 PF 52.1 163 ab 25.5 346 a 36.3 211 
0 - 57.5 163 ab 33.8 247 b 32.6 209 
^Means in each column followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
2fb = full bloom (May 5); PF = petal fall (May 10). 
Table 19. The effect of GA4+7 + BA and succinic acid 2,2-diniethylhydrazide on the fruit size and 
weight of 'Chieftain' apples at harvest in 19761 
GA4+7 + BA 
Concentration 
(ppm) Timing2 
% Fruit > 7 cm diameter Average fruit weight (g) 
+ Daminozide - Daminozide + Daminozide - Daminozide 
12.5 FB 36.3 cd 49.7 bed 167 be 166 be 
25 FB 34.6 cd 56.2 ab 157 be 158 c 
12.5 PF 48.3 bd 57.7 ab 171 ab 176 ab 
25 PF 67.8 a 52.1 abc 185 a 163 be 
0 - 32.8 d 47.2 bd 163 be 163 be 
^Comparable means followed by the same letter are not significantly different at 5% level 
Duncan's multiple range test. 
^FB = full bloom (May 5); PF = petal fall (May 10). 
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daminozide on the reduced apple size. However, both PF treatments and 
the 25 ppm at FB in the absence of daminozide maintained a greater 
percentage of large size fruits as compared to those treated with 
daminozide alone. The full bloom treatments of GA4+7 + BA in the 
presence of daminozide resulted in a reduced percentage of large fruits 
as compared to treatments of 25 ppm GA4+7 + BA alone at FB and the 12.5 
ppm at PF. Spraying 12.5 ppm GA4+7 + BA alone at FB did not increase 
the percentage of large fruits as compared to both FB treatments and to 
12.5 ppm at PF in the presence of daminozide. Applications of 
daminozide on 'Chieftain' apples treated with 25 ppm GA4+7 + BA at PF 
increased the average fruit weight as compared to those of the control 
in the presence or absence of daminozide, whereas other GA4+7 + BA 
treatments either in the presence or absence of daminozide were not 
effective [Table 19). 
The effect of GA4+7 + BA applications on 'Chieftain' apples was 
enhanced by pretreatments of different surfactants (Table 20). Increased 
fruit size, expressed as the percentage of large size fruits, but not 
fruit weight was obtained with different surfactants. The greatest 
increase in the percentage of large size fruits was obtained with the 
combination of Nu-Film-17 and GA4+7 + BA at 25 ppm. This was different 
from the control and the growth regulator alone at 25 ppm but riot from 
other surfactants at the same rate. The Nu-Film-17 surfactant spray 
followed by 12.5 ppm GA4+7 + BA increased the percentage of large fruits 
over the control but not over the growth regulator treatment alone at 
either concentration or over other surfactants at the same rate. 
Applications of Regulaid, Triton B-1956, and Plyac followed by 25 ppm 
Table 20. The effect of surfactants and two concentrations of GA4+7 + BA applied at petal fall on 
the fruit size and weight of 'Chieftain' apples at harvest in 19761 
TREATMENT 
% Fruits % 7 cm diameter Average fruit weight (g) 
GA4+7 + BA concn. (ppm) GA4+7 + BA concn. (ppm) 
12.5 25 12.5 25 
Nu-Film-17 62.0 ab 68.2 a 171 178 
Regulaid 53.6 be 64.4 ab 178 175 
Triton B-1956 53.3 be 65.4 ab 169 173 
Plyac 58.3 abc 63.3 ab 176 179 
GA4+7 + BA 57.7 abc 52.6 be 176 162 
CONTROL 45.1 c 45.1 c 163 163 
^Comparable means followed by the same letter or no letter are not significantly different 
at 5% level Duncan's multiple range test. 
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GA4+7 + BA increased the number of large size fruits over the control, but 
did not increase the number of large fruits when followed by 12.5 ppm 
GA4^7 + BA. There were no differences between rates of GA4+7 treat­
ments in the presence of any surfactant. 
Fruit Quality in 1977 
In 1977, at harvest the fruits were tested for firmness, total 
soluble solids, starch, water core, and the number of well-developed 
seeds per fruit. After four months in cold storage, fruits were tested 
for firmness and total soluble solids. 
Treatments applied on 'Chieftain' apples did not alter the fruit 
firmness either at harvest or after four months in cold storage, starch 
content, water core, or the number of seeds per fruit (Table 21). They 
also did not affect the percentage of total soluble solids of the fruits 
at harvest. However, after four months in cold storage, 'Chieftain' 
apples treated with GA4+7 + BA + Nu-Film-17 or 3-CPA had a lower 
percentage of total soluble solids as compared with the control and 
other treatments. 
Although all treatments increased the fruit length, they did not 
affect the fruit size or weight of 'Chieftain' apples at harvest 
(Table 22). Treated fruits showed a definite trend towards increased 
number in the large size category, especially those treated with 3-CPA. 
Fruits treated with GA4+7 + BA or GA4+7 were slightly heavier, while 
the fruits treated with BA or 3-CPA were slightly lighter than the 
control. 
Table 21. The effect of growth regulators applied at 50% petal fall or eight weeks after full 
bloom on the fruit firmness, percentage of total soluble solids, starch content, water 
core, and number of seeds per fruit in 'Chieftain' apples at harvest in 19771 
Firmness (kg/cm?) Total soluble solids (%) Water 
TREATMENT 
at 
harvest 
after 
storage 
at 
harvest 
after 
storage 
Starch 
indexZ 
core 
index3 
No. of seeds 
per fruit 
GA4+7 + BA + Nu-Film-17 1.41 0.89 13.49 14.19 b 4.1 1.4 5.8 
6A4+7 + BA 1.39 0.91 12.97 14.83 a 4.3 1.2 5.9 
GA4+7 1.39 0.90 13.46 14.71 a 4.3 1.2 6.4 
BA 1.40 0.91 13.39 14.90 a 4.3 1.3 5.6 
3-CPA 1.45 0.94 12.92 14.21 b 4.8 1.1 5.9 
CONTROL 1.34 0.97 13.44 15.16 a 4.0 1.4 6.1 
^Means in each column followed by the same letter are not significantly different at 5% level 
Duncan's multiple range test. 
^Starch index = percentage of the fruit cross sectional area which did not stain blue with 1% 
iodine in ethanol solution where: 1 = 0%, 2 = 1-20%, 3 = 21-40%, 4 = 41-60%, 5 = 61-80%, 6 = 
81-100%. 
3Water core index = percentage of the fruit cross sectional area which showed water core 
where: 1 = 0%, 2 = 1-20%, 3 = 21-40%, 4 = 41-60%, 6 = 61-80%, 6 = 81-100%. 
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Table 22. The effect of growth regulators applied at 50% petal fall or 
eight weeks after full bloom on the fruit size and weight of 
'Chieftain' apples at harvest in 1977^ 
TREATMENT^ % Fruits 2 7 cm diameter .Av. fruit weight (g) 
GA44.7 + BA + Nu-Film-17 79.6 166.3 
GA4+7 + BA 78.2 171.5 
GA4+7 74.2 171.5 
BA 79.0 157.9 
3-CPA 83.4 157.3 
CONTROL 71.4 166.1 
^Mean separation in columns by Duncan's multiple range test, 5% 
level. 
^The 12.5 ppm GA4+7, 12.5 ppm BA alone or in combination with or 
without Nu-Film-17 (1 ml/liter) applied at 50% PF and 100 ppm 3-CPA 
applied at eight weeks after FB. 
Anatomical Study 
Fruit cores preserved in FAA solution were sectioned in both cross 
and longitudinal planes and the number of cells per 0.500 mm^ was 
recorded. Cell dimensions were determined using a stage micrometer. 
Treatments on 'Chieftain' apples did not alter the number of cells 
in the fruit cross section at three weeks after full bloom (Table 23). 
In the longitudinal section, GA4+7 + BA t Nu-Film-17 and BA applications 
increased the number of cells over the control, while the GA4+7 treatment 
was not different as compared to either the control or other growth 
regulator treatments. Cell dimensions in the cross and longitudinal 
sections were not altered due to the treatments as compared with the 
untreated controls. Total cell area in the cross sections of treated and 
control apples were not different from each other. In the longitudinal 
54 
Table 23. The effect of growth regulators applied at 50% petal fall on 
the number of cells, cell dimensions, and total cell area in 
both cross and longitudinal sections of 'Chieftain' apples at 
three weeks after full bloomls2 
Dimensions (trni x 10%) 
3 No. of Major Minor n TREATMENT cells axis axis TCA C%) 
Cross Section 
GA4+7 + BA + Nu-Film-17 259 5.28 3.88 83.6 
GA4+7 + BA 264 4.95 3.98 82.4 
CD 
243 5.15 4.15 82.4 
BA 269 4.95 3.88 81.9 
CONTROL 254 5.05 4.05 82.5 
Longitudinal Section 
GA4+7 + BA + Nu-Film-17 270 a 4.60 3.85 76.0 be 
GA4+7 + BA 279 a 4.73 3.80 79.7 a 
GA4+7 258 ab 4.78 4.00 78.3 ab 
BA 275 a 4.70 3.83 78.6 ab 
CONTROL 249 b 4.90 3.85 74.5 c 
^Means in each column followed by the same letter or no letter are 
not significantly different at 5% level Duncan's multiple range test. 
^No. of cells and total cell area per 0.500 mm^. 
^GA4+7 or BA applied at 12.5 ppm, GA4+7 + BA with or without Nu-Film-
17 (1 ml/Iiter) applied at 25 ppm. 
^TCA = total cell area. 
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section, apple fruits treated with GA^+y + BA, GA4+7, or BA had an 
increased total cell area over the controls, whereas GA4+7 + BA + 
Nu-Film-17-treated apples were comparable to the control, GA4+7 and 
BA (Table 23). 
In fruits sampled four weeks after full bloom, none of the 
treatments altered the number of cells in the fruit cross or 
longitudinal sections (Table 24). Cell dimension in the major axis 
in either cross or longitudinal sections of apples treated with 
the growth regulators was not different from those in the controls. 
In cross section, the dimension in the minor axis of apple cells 
treated with 25 ppm GA4+7 + BA was increased as compared to the 
control and those treated with GA4+7 + BA + Nu-Film-17 or GA4+7. 
The dimension in the minor axis of apple cells treated with 12.5 
ppm BA was not different from either the control or those treated 
with GA4+7 + BA. In longitudinal section, the dimension in the minor 
axis of apple cells treated with 12.5 ppm GA4+7 was longer than the 
control and those treated with 25 ppm GA4+7 + GA + Nu-Film-17. The 
GA4+7 + BA or BA treatments resulted also in longer dimension in 
the minor axis of cells over that of the controls but not over that 
of GA4+7 + BA + Nu-Film-17-treated apples. As a result of increased 
cell dimensions, the total cell area in the cross section of apple 
fruits treated with GA4+7 + BA was increased over that in the 
control but not over those treated with the other growth regulators 
(Table 24). In the longitudinal section, all treatments resulted 
in increased total cell area as compared to the control. 
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Table 24. The effect of growth regulators applied at 50% petal fall on 
the number of cells, cell dimensions, and total cell area in 
both cross and longitudinal sections of 'Chieftain' apples at 
four weeks after full bloom'»2 
Dimensions (mm X 10%) 
TREATMENT^ 
No. of 
cells 
Major 
axis 
Minor 
axis TCA* {%) 
Cross Secti on 
GA^^j + BA + Nu -Film-17 170 6.05 4.83 b 78.9 ab 
GA4+7 + BA 156 6.28 5.35 a 83.0 a 
GA4+7 157 6.38 5.00 b 79.2 ab 
BA 153 6.23 5.08 ab 77.1 ab 
CONTROL 164 5.90 4.80 b 74.0 b 
Longitudinal Section 
6A4+7 + BA + Nu -Film-17 173 5.68 4.93 be 75.3 a 
GA4+7 + BA 165 5.80 5.10 ab 76.9 a 
GA4+7 159 5.93 5.20 a 77.7 a 
BA 164 5.88 5.10 ab 77.8 a 
CONTROL 164 5.63 4.73 c 69.6 b 
iMeans in each column followed by the same letter or no letter are 
not significantly different at 5% level Duncan's multiple range test. 
^No. of cells and total cell area per 0.500 mm^. 
or BA applied at 12.5 ppm, GA4+7 + BA with or without 
Nu-Film-17 (1 ml/liter) applied at 25 ppm. 
^TCA = total cell area. 
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Application of GA4+7 + BA with or without Nu-Film-17, GA44.7, or BA 
on 'Chieftain' apples did not alter the number of cells in either the 
cross or longitudinal sections five weeks after full bloom (Table 25). 
These treatments also did not alter the dimension of the cell major 
axis in the longitudinal section or the total cell area in the cross 
section as compared to the controls. The 6A4+7 + BA + Nu-Film-17 and 
GA44.7 treatments resulted in an increased elongation of the cell major 
axis in the cross sectional plane over that of the controls. The 
GA4+7 + BA and BA treatments had no effect. Application of GA4+7 + BA 
+ Nu-Film-17 resulted in a reduced cell dimension in the minor axis in 
the cross sectional plane over that of the control and other growth 
regulator treatments. In the longitudinal section, GA4+7 treatment 
resulted in an increased cell dimension in the minor axis over the 
control but not over other treatments which had no significant effect 
(Table 25). All treatments increased the total cell area in the 
longitudinal plane over that of the control. 
Number of cells and the length of the cell minor axis in cross 
section, as well as both cell dimensions in the longitudinal section 
of the treated fruits, were not significantly different from those of 
the controls at six weeks after full bloom (Table 26). In the cross 
section, GA4+7 + BA t Nu-Film-17-treated fruits had an increased cell 
dimension in the major axis over that of the control, GA4+7 and 
BA-treated fruits. These treatments also resulted in increased total 
cell area as compared to the control. Total cell area in fruits treated 
with GA4+7 and BA were not different from those treated with GA4+7 
+ BA t Nu-Film-17 or the control. In longitudinal section, all growth 
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Table 25. The effect of growth regulators applied at 50% petal fall on 
the number of cells, cell dimensions, and total cell area in 
both cross and longitudinal sections of 'Chieftain' apples at 
five weeks after full bloom!*2 
Dimensions (mm x 10%) 
No. of Major Minor & 
TREATMENTS cells axis axis TCA (%) 
Cross Section 
GA4+7 + BA + Nu -Film-17 116 7.13 a 5.68 b 74.7 
GA4+7 + BA 112 6.93 ab 6.23 a 76.2 
GA4+7 105 7.23 a 6.40 a 77.0 
BA 115 6.85 ab 6.18 a 77.1 
CONTROL 111 6.68 b 6.25 a 73.6 
Longitudinal Section 
GA4+7 + BA + NU­-Film-17 125 6.53 6.00 ab 77.5 a 
GA4+7 + BA 123 6.53 6.10 ab 77.1 a 
GA4+7 116 6.73 6.23 a 76.6 a 
BA 124 6.53 6.00 ab 76.9 a 
CONTROL m 6.48 5.75 b 65.8 b 
TMeans in each column followed by the same letter or no letter are 
not significantly different at 5% level Duncan's multiple range test. 
^No. of cells and total cell area per 0.500 mm2. 
^GA4+7 or BA applied at 12.5 ppm, 6A4+7 + BA with or without 
Nu-Film-l7 (1 ml/liter) applied at 25 ppm. 
^TCA = total cell area. 
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Table 26. The effect of growth regulators applied at 50% petal fall on 
the number of cells, cell dimensions, and total cell area in 
both cross and longitudinal sections of 'Chieftain' apples at 
six weeks after full bloom?,2 
TREATMENT^ 
No. of 
cells 
Dimensions (mm x 10%) 
Major Mi nor 
axis axis TCA^ (%) 
Cross Secti on 
GA4+7 + BA + Nu-Film-17 85 8.04 a 7.13 77.2 a 
GA4+7 + BA 84 8.25 a 7.30 80.0 a 
GA4+7 89 7.58 b 6.88 73.5 ab 
BA 88 6.60 b 6.90 73.7 ab 
CONTROL 85 7.30 b 6.83 67.6 b 
GA4+7 + BA + Nu-Film-17 98 a 
^^4+7 ^ GA 90 b 
GA4+7 89 b 
BA 88 b 
CONTROL 79 c 
Longitudinal Section 
7.28 6.75 76.1 a 
7.60 7.00 76.1 a 
7.50 6.83 72.6 a 
7.48 7.03 73.7 a 
7.38 6.73 62.7 b 
?Means in each column followed by the same letter or no letter are 
not significantly different at 5% level Duncan's multiple range test. 
2no. of cells and total cell area per 0.500 nrn^. 
^GA4+7 or BA applied at 12.5 ppm, GA4+7 + BA with or without 
Nu-Film-17 (1 ml/Iiter) applied at 25 ppm. 
^TCA = total cell area. 
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regulator treatments resulted in increased number of cells as compared 
to the control. The GA4+7 + BA treatment in the presence of the 
surfactant was different from the other growth regulator treatments. 
The increased number of cells and possibly the slight increase in 
cell dimensions of the treated fruits resulted in increased total 
cell area as compared to the control. 
Treatments did not alter the number of cells, cell dimensions, 
and total cell area in the fruit cross section at seven weeks after 
full bloom (Table 27). In the longitudinal section, 25 ppm GA4+7 + 
BA ± Nu-Film-17 resulted in an increased number of cells as compared 
to the control and other growth regulator treatments, which were 
not different from the control. Cell dimension in the major axis 
of the treated apples was not different from that in the control. 
The cell dimension in the minor axis of apple cells treated with 
GA4+7 and BA was increased over the control, while those treated 
with GA4+7 + BA t Nu-Film-17 were comparable to the control. All 
growth regulator treatments resulted in increased total cell area 
in the fruit longitudinal section as compared to the untreated 
control. 
At eight weeks after full bloom the cell number, cell dimensions, 
and total cell area in the fruit cross section were not different 
from the control (Table 28). In the longitudinal section, all treat­
ments increased the cell number, cell dimensions in both major and 
minor axes, and total cell area over the control. 
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Table 27. The effect of growth regulators applied at 50% petal fall on 
the number of cells, cell dimensions, and total cell area in 
both cross and longitudinal sections of 'Chieftain' apples at 
seven weeks after full bloom! 
TREATMENT^ 
No. of 
cells 
Dimensions (mm x 10%) 
Major Minor 
axis axis TCA^ (%) 
Cross Secti on 
GA^+y + BA + Nu-Film-17 63 8.63 7.75 67.2 
^^4+7 BA 63 8.65 7.95 69.4 
GA4+7 65 8.53 7.83 68.9 
BA 65 8.68 7.90 70.7 
CONTROL 70 8.48 7.55 71.3 
Longitudinal Section 
GA4+7 + BA + Nu-Film-17 77 a 8.20 7.40 c 73.6 a 
GA4+7 + BA 77 a 8.38 7.55 c 77.0 a 
GA4+7 66 b 8.68 8.03 b 72.7 a 
BA 62 b 8.80 8.30 a 71.8 a 
CONTROL 61 b 8.35 7.58 c 61.7 b 
^Means in each column followed by the same letter or no letter are 
not significantly different at 5% level Duncan's multiple range test. 
^No. of cells and total cell area per 0.500 mm^. 
3gA4+7 or BA applied at 12.5 ppm, GA4+7 + BA with or without 
Nu-Film-i7 (1 ml/liter) applied at 25 ppm. 
^TCA = total cell area. 
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Table 28. The effect of growth regulators applied at 50% petal fall on 
the number of cells, cell dimensions, and total cell area in 
both cross and longitudinal sections of 'Chieftain' apples at 
eight weeks after full bloom! 
Dimensions (mm x 10%) 
- No. of Major Minor . 
TREATMENT^ cells axis axis TCA* (%) 
Cross Section 
GA4+7 + BA + Nu-Film-•17 52 9.35 8.83 68.7 
GA4+7 + BA 51 9.35 8.98 69.0 
GA4+7 55 9.25 8.93 71.9 
BA 56 9.13 8.78 71.0 
CONTROL 52 9.10 8.83 67.1 
Longitudinal Secti on 
GA4+7 + BA + Nu-Film-17 50 a 9.53 a 9.18 a 70.0 a 
GA4+7 + BA 51 a 9.53 a 9.13 a 70.2 a 
GA4+7 49 a 9.70 a 9.33 a 70.8 a 
BA 50 a 9.53 a 9.25 a 70.3 a 
CONTROL 42 b 9.03 b 8.48 b 52.9 b ' 
^Means in each column followed by the same letter or no letter are 
not significantly different at 5% level Duncan's multiple range test. 
^No. of cells and total cell area per 0.500 mm^. 
^GA4+7 or BA applied at 12.5 ppm, GA4+7 + BA with or without 
Nu-Film-17 (1 ml/liter) applied at 25 ppm. 
^TCA = total cell area. 
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At nine weeks after full bloom, cell numbers in both cross and longi­
tudinal sections of 'Chieftain' apples treated with various growth regula­
tors were not different from those of the control (Table 29). These 
treatments also did not alter either the cell dimension in the major axis 
or total cell area in the cross section as compared to the controls. All 
treatments increased the cell dimension in the minor axis over the control 
in the cross sectional plane. One week after application, the 3-CPA-
treated cells were longer than those treated with GA4+7 + BA + surfactant 
but not different from the GA4+7 + BA, GA^+y, or BA treatments. In the 
longitudinal section, all treatments resulted in increased cell dimensions 
and total cell area as compared to the controls. 
At 11 weeks after full bloom, cell number and total cell area in 
cross section of the treated fruits were not different from the control 
(Table 30). Similarly, cell dimensions in both cross and longitudinal 
sections of the treated apples were not different from the corresponding 
control. In the longitudinal section, the GA4+7 + BA and 3-CPA-treated 
apples were comparable to each other and had an increased number of 
cells as compared to the control. Other treatments, however, were not 
different from either the control, GA4+7 ^A, or 3-CPA treatments. 
Total cell area in the treated fruits was increased as compared to 
the control. 
At 13 weeks after full bloom, number of cells and cell dimensions 
in both cross and longitudinal sections were slightly but not sig­
nificantly greater than the control (Table 31). Total cell area in 
the longitudinal section but not in the cross section of the treated 
apple fruits was increased over the control. 
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Table 29. The effect of growth regulators applied at 50% petal fall or 
eight weeks after full bloom on the number of cells, cell 
dimensions, and total cell area in both cross and longitudinal 
sections of 'Chieftain' apples at nine weeks after full 
bloom!,2 
Dimensions (im x 10%) 
o No. of Major Minor 
TREATMENT"^ cells axis axis TCA^ (%) 
Cross Section 
GA^+y + BA + Nu-Film-17 50 9.50 9.15 b 69.2 
GA4+7 + BA 47 9.50 9.23 ab 65.5 
GA4+7 46 9.75 9.30 ab 66.9 
BA 45 9.60 9.28 ab 63.8 
3-CPA 45 9.75 9.35 a 65.2 
CONTROL 46 9.35 8.85 c 61.1 
Longitudinal Section 
^^4+7 ^ Nu-Film-17 47 10.13 a 9.73 a 73.2 
GA4+7 + BA 46 10.13 a 9.60 a 71.3 
GA4+7 44 10.65 a 9.80 a 73.6 
BA 42 10.45 a 10.00 a 71.0 
3-CPA 43 10.28 a 9.73 a 68.7 
CONTROL 40 9.40 b 9.13 b 55.8 
^Means in each column followed by the same letter or no letter are 
not significantly different at 5% level Duncan's multiple range test. 
^No. of cells and total cell area per 0.500 nrnZ. 
^The 12.5 ppm GA4+7, 12.5 ppm BA alone or in combination with, or 
without Nu-Film-17 (1 ml/liter) applied at 50% PF and 100 ppm 3-CPA 
applied at eight weeks after FB. 
^TCA = total cell area. 
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Table 30. The effect of growth regulators applied at 50% petal fall or 
eight weeks after full bloom on the number of cells, cell 
dimensions, and total cell area in both cross and longitu­
dinal sections of 'Chieftain' apples at 11 weeks after full 
bloom! 
Dimensions (mm x 10%) 
No. of Major Minor 
TREATMENT^ cells axis axis TCA* (%) 
Cross Section 
GA4+7 + BA + Nu-Film-17 32 12. .90 11 .35 73. 5 
GA^^Y + BA 34 12, .25 11 .35 74. 8 
GA4+7 34 12, .43 11 .53 76, .4 
BA 34 12. .08 11 .25 73. ,7 
3-CPA 35 11. ,95 11 .40 75. ,2 
CONTROL 34 12. .50 11 .38 76. 0 
Longitudinal Section 
GA4+7 •*" BA + Nu-Film-17 29 ab 13.23 11.95 73.7 a 
GA4+7 + BA 33 a 12.68 11.90 77.6 a 
GA4+7 30 ab 13.05 12.25 76.9 a 
BA 30 ab 13.10 12.20 75.6 a 
3-CPA 32 a 12.60 12.00 75.8 a 
CONTROL 28 b 13.48 11.50 63.6 b 
^Means in each column followed by the same letter or no letter are 
not significantly different at 5% level Duncan's multiple range test. 
^No. of cells and total cell area per 0.500 mm?. 
^The 12.5 ppm GA4+7, 12.5 ppm BA alone or in combination with or 
without Nu-Film-17 (1 ml/liter) applied at 50% PF and 100 ppm 3-CPA 
applied at eight weeks after FB. 
^CA = total cell area. 
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Table 31. The effect of growth regulators applied at 50% petal fall or 
eight weeks after full bloom on the number of cells, cell 
dimensions, and total cell area in both cross and longitu­
dinal sections of 'Chieftain' apples at 13 weeks after full 
bl ooml »2 
Dimensions (rrm x 10%) 
No. of Major Minor . 
TREATMENT cells axis axis TCA7 (%) 
Cross Section 
GA^+y + BA + Nu-Film-17 28 13. .58 n .80 71. 4 
GA4+7 BA 29 13. .00 11 .75 70. 8 
GA4+7 30 13. .00 11 .68 71. 6 
BA 31 12. ,73 11 .23 70. 5 
3-CPA 32 12. ,28 11 .28 70, 8 
CONTROL 29 13. ,15 11 .33 68. 2 
Longitudinal Section 
GA4+7 + Nu-Film-17 31 12.95 11.50 73.5 a 
GA4+7 + BA 29 13.15 12.13 73.5 a 
GA4+7 28 13.50 . 11.98 72.0 a 
BA 29 13.35 11.95 71.7 a 
3-CPA 29 13.13 12.00 71.6 a 
CONTROL 26 12.58 11.48 59.7 b 
^Means in each column followed by the same letter or no letter are 
not significantly different at 5% level Duncan's multiple range test. 
2No. of cells and total cell area per 0.500 mm?. 
^The 12.5 ppm GA4+7, 12.5 ppm BA alone or in combination with 
or without Nu-Film-17 (1 ml/liter) applied at 50% PF and 100 ppm 3-CPA 
applied at eight weeks after FB. 
^TCA = total cell area. 
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At 15 weeks after full bloom, no differences due to treatments were 
observed in the fruit cross sections (Table 32). In the longitudinal 
section, treating with GA4+7 + BA with or without surfactant and 3-CPA 
increased the number of cells over the control. The GA4+7 or BA 
treatments were not effective; however, they increased the cell dimen­
sion in the major axis but not in the minor axis. Cell dimensions in 
fruits treated with GA^+y + BA t Nu-Film-17 and 3-CPA were comparable 
to the control and those treated with BA and 3-CPA. Total cell area in 
the treated fruits was increased over the control. Apples treated with 
GA4+7 + BA t Nu-Film-17 had an increased total cell area as compared to 
GA^+y-treated fruits, whereas those treated with BA or 3-CPA were 
comparable to GA4+7-treated fruits. 
At harvest, 20 weeks after full bloom, the number of cells, cell 
dimensions, and total cell area in the cross section of the treated 
fruits were not different from the control (Table 33). In the longitu­
dinal section, GA4+7 + BA ± Nu-Film-17 and BA treatments increased the 
number of cells over the control, while the GA4+7 and 3-CPA treatments 
were not effective. Numbers of cells in fruits treated with GA4+7 + BA, 
BA, or 3-CPA were comparable. The GA4+7 treatment had a decreased 
number of cells as compared to GA4+7 + BA + surfactant treatment but 
was not different from BA, 3-CPA, or the control. The cell dimension 
in the minor axis of the longitudinal section was not altered by any of 
the treatments. However, the cell dimension in the major axis in fruits 
treated with GA4+7 or 3-CPA was increased as compared to that of the 
control, GA4+7 + BA + Nu-Film-17, and BA treatments. Cell dimension in 
the major axis in GA4+7 + BA-treated apples was not different from those 
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Table 32. The effect of growth regulators applied at 50% petal fall or 
eight weeks after full bloom on the number of cells, cell 
dimensions, and total cell area in both cross and longitu­
dinal sections of 'Chieftain' apples at 15 weeks after full 
bloom^ 
TREATMENT^ 
Dimensions (mm x 10%) 
No. of Major Minor 
eel 1 s axi s axi s TCA^ (%) 
Cross Section 
GA4+7 + BA + Nu-Film-17 26 14.68 12.00 73,1 
^^4+7 BA 29 14.88 11.50 76.5 
GA4+7 23 15.70 11.78 68.8 
BA 23 15.78 12.05 70.0 
3-CPA 24 15.35 11.73 67.8 
CONTROL 24 15.65 12.03 72.8 
Longitudinal Section 
GA4+7 + BA + Nu-Film-17 26 a 14.13 be 12.40 72.5 a 
GA4+7 + BA 26 a 14.15 be 12.28 71.1 a 
GA4+7 21 be 15.50 a 12.55 65.6 b 
BA 24 abc 14.78 ab 12.50 70.7 ab 
3-CPA 25 ab 13.70 be 12.30 67.8 ab 
CONTROL 20 c 13.63 c 11.83 53.9 c 
^Means in each column followed by the same letter or no letter are 
not significantly different at 5% level Duncan's multiple range test. 
2no. of cells and total cell area per 0.500 mm2. 
^The 12.5 ppm GA4+7, 12.5 ppm BA alone or in combination with or 
without Nu-Film-17 (1 ml/liter) applied at 50% PF and 100 ppm 3-CPA 
applied at eight weeks after FB. 
^TCA = total cell area. 
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Table 33. The effect of growth regulators applied at 50% petal fall or 
eight weeks after full bloom on the number of cells, cell 
dimensions, and total cell area in both cross and longitu­
dinal sections of 'Chieftain' apples at harvest!,2 
Dimensions (mm X 102) 
TREATMENTS 
No. of 
cells 
Major 
axis 
Minor 
axis TCA^ (%) 
Cross Secti on 
GA4+7 + BA + Nu-Film-17 21 17.15 12.98 75.0 
GA44.7 + BA 21 17.25 12.83 75.2 
GA4+7 22 16.98 12.75 74.7 
BA 21 17.35 13.03 73.9 
3-CPA 20 17.05 13.08 72.5 
CONTROL 20 17.28 12.83 71.2 
Longitudinal Section 
GA4+7 + BA + Nu-Film-17 60 a 10.13 b 9.05 79.4 a 
GA4+7 + BA 53 ab 11.08 ab 9.34 82.6 a 
GA4+7 42 cd 12.15 a 10.25 76.9 a 
BA 49 be 10.53 b 9.38 77.1 a 
3-CPA 43 bed 11.68 a 10.10 77.3 a 
CONTROL 35 d 10.60 b 10.15 60.6 b 
1Means in each column followed by the same letter or no letter are 
not significantly different at 5% level Duncan's multiple range test. 
2no. of cells and total cell area per 0.500 mm^. 
^The 12.5 ppm GA4+7, 12.5 ppm BA alone or in combination with or 
without Nu-Film-17 (1 ml/liter) applied at 50% PF and 100 ppm 3-CPA 
applied at eight weeks after FB. 
^CA = total cell area. 
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treated with GA4+7 or 3-CPA. All treatments increased the total cell 
area in the fruit longitudinal section as compared with the control. 
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DISCUSSION 
Fruit Growth, Development, and Quality 
High post-bloom temperatures are one of the disadvantages of grow­
ing apples in the southern districts of the United States as compared 
to the northern districts. This is due to the adverse effect of high 
temperature on the fruit shape. The results of this study indicate that 
the treatments improved fruit quality by enhancing "typiness" of the 
'Jonathan' and 'Delicious' apples in 1976 and of the 'Chieftain' in 
1976 and 1977. This improvement is expected to promote marketability 
and allow warmer districts to compete with cooler districts since 
typey fruits are reported to attract premium prices (42). 
Although all GA4+7 + BA treatments increased the fruit L/D ratio 
in the three cultivars in 1976, there were differences in response to 
timing and concentration. The increased L/D ratio of "Chieftain' apples 
treated with GA4+7 + BA at both concentrations and timings in 1976 was 
due to increased fruit length. However, 12.5 ppm applied at both FB and 
PF increased both length and diameter as compared to the control. 
Treating with 25 ppm at PF was superior to other treatments in increasing 
the L/D ratio. Petal fall applications of GA^+y + BA to 'Jonathan' 
apples were superior to FB applications in increasing the L/D ratio. 
This was due to increased fruit length at 25 ppm at PF and slightly 
increased length and reduced diameter with PF application at 12.5 ppm. 
The FB treatment at 25 ppm on 'Delicious' apples was more effective in 
increasing the L/D ratio than other treatments which was due to 
increased fruit length. Improved L/D ratio due to other treatments 
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was essentially due to slightly increased length and reduced diameter 
of the treated 'Delicious' fruits. In 1977, the increased L/D ratio 
of the treated 'Chieftain' apples was associated with an increased fruit 
length, whereas the fruit diameter was not altered. Both GA4+7 + BA 
with or without the surfactant treatments were more effective than 
GA44.7, BA, or 3-CPA treatments in increasing the fruit L/D ratios. 
Several workers reported similar results on 'Delicious' apples 
treated with GA^+y + BA (78, 114, 125, 126, 133, 134). Unrath (126), 
however, reported no influence at concentrations below 25 ppm. Taylor 
(117) and Thomas (120) reported in separate experiments that GA4+7 
applications on 'Jonathan', 'Golden Delicious', and 'Gravenstein' 
apples increased the length and improved the fruit L/D ratio. 
No previous studies have reported an increase in the apple fruit 
L/D ratio with 3-CPA. However, Weaver (128) found that treating grapes 
with 5-15 ppm 4-chlorophenoxyacetic acid (4-CPA) elongated the berries. 
This seems to be in line with the results of this study on 3-CPA. 
Sonmer (111) and Galston et al. (38) reported that etiolated pea 
sections treated with lAA, GA, kinetin, or benzimidazole had an altered 
geometry of growth. In this study, the increased L/D ratio of the 
treated apples in both years can possibly be interpreted as an altera­
tion in the geometry of growth in the fruit longitudinal plane. Letham 
(63) reported that application of 400 mg/liter of zeatin on 'Cox's 
Orange Pippin' apples at blossom time and five further applications over 
an 18-day period resulted in a more broad apple than the control. The 
results of this study in 1977 on the 'Chieftain' are not in line with 
Letham's findings. 
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Fruit firmness, percentage of total soluble solids, and starch 
content were not altered in 'Jonathan' and 'Delicious' apples treated 
with GA4+7 + BA in 1976, and in 'Chieftain' apples treated with 12.5 
ppm + BA at FB and both concentrations at PF as well as all 
treatments applied on the 'Chieftain' in 1977. This indicates that 
these treatments did not alter the fruit maturity. These findings are 
in line with Unrath [126). 
The reduced percentage of total soluble solids and increased 
firmness in 'Chieftain' apples treated with 25 ppm GA4+7 + BA at FB in 
1976 could indicate a delayed fruit maturity. This result contradicts 
finding of Unrath (126) who reported no effect on fruit maturity due 
to treatments. 
Tuli (124) suggested that BA applications to broccoli delayed 
chlorophyll and carotene breakdown which was associated with inhibition 
of respiration. It seems in the present study that the delayed 
maturity of 'Chieftain' apples treated with 25 ppm GA^+y + BA at FB in 
1976 was probably due to an inhibition of respiration and a delay in 
the onset of senescence. The reduced percentage of total soluble 
solids after four months of cold storage in 'Chieftain' apples treated 
with GAg+y + BA + Nu-Film-17 and 3-CPA in 1977 could also indicate 
inhibition of respiration and slowing down of senescence suggested by 
Tuli (124). 
The increased number of seeds in 'Chieftain' apples sprayed with 
12.5 ppm GA^+y + BA at PF in 1976 is in conflict with findings of 
Stembridge and Morrell (114), Taylor (117), and Unrath (126). In 1976, 
post-bloom temperatures were rather cool and the days were cloudy; 
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this did not favor bee action in enhancing good pollination. It is 
possible that under poor pollination conditions, 12.5 ppm treatment of 
GA4+7 + BA at FB could improve the development of seeds by reducing 
embryo abortion. It is also possible that BA could have slowed down 
senescence of the flowers and hence allowed more time for the stigmas 
to receive the pollen grains and the pollen tube to germinate and 
reach the embryo sac. The difference in response to concentrations 
could be a dosage effect. 
The increased number of seeds in this partially self-fruitful 
cultivar might be of commercial importance. It was reported by Taylor 
(117) that the storage quality of fruits containing few or no seeds 
might be reduced due to increased respiration rates. In addition, 
gibberellins were reported to induce growth of apples (15, 16), and 
apple seeds were reported to contain GA4 and GA7 (26, 28). The increased 
number of seeds could therefore improve the fruit symmetry and hence 
fruit shape and size. Luckwill (72) reported that an uneven distribution 
of seeds results in asymmetrical fruit growth. The shape and size of the 
strawberry (89) and growth of apples (1) were also reported to be 
dependent on the presence of seeds. 
Although there were no significant differences in the diameter of 
the treated apples in both years as compared to the controls, a trend 
towards increased number of larger size fruits is observed in 1977. 
Since the fruit growth was mostly ia the fruit longitudinal plane, 
such a result is expected. Moreover, the size grader used to separate 
fruits into different class-sizes worked on the basis of the fruit 
diameter which was not altered due to the growth regulator treatments. 
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'Jonathan' apples treated with 25 ppm + BA at PF had an 
increased fruit weight over the controls; this agrees with Unrath (126). 
However, sprays of GA^^y + BA on 'Delicious' and 'Chieftain' apples in 
1976 had no effect on the average fruit weight. 
Although no significant reduction in fruit size of 'Chieftain' 
apples was obtained due to the daminozide treatment as compared with 
the control, a trend towards reduced number of large fruits was evi­
dent. This seems to agree with several workers who reported that a 
disadvantage of daminozide was a decreased apple size (7, 33, 34, 73, 
79, 112, 135). This was due to a decreased number of cells per fruit 
(79). 
Chandler (19) reported that heavy crop loads resulted in smaller 
size apples as compared to light loads. 'Chieftain' apples treated with 
GA/^+y + BA + Nu-Film-17 in 1976 had an increased number of large size 
fruits over the control, whereas in 1977 this treatment had no effect. 
This inconsistency could have been due to differences in crop loads 
between the two years. In 1976, the crop load was heavy and the 
percentages of large size fruits treated with 12.5 and 25 ppm GA^+y 
+ BA + Nu-Film-17 were 62 and 68%, respectively, as compared to 45% in 
the control. In 1977, however, the crop load was much less and 'Chieftain' 
apples treated with GA4+7 + BA + Nu-Film-17 had about 80% of the fruits 
in the large size classes as compared to 71% in the controls. It seems 
that the light crop load in 1977 permitted the control fruits to size-up; 
hence no significant differences between the control and the treated 
apples were attained. 
The effect of GA4+7 + BA applications in the presence of different 
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surfactants on 'Chieftain' apples enhanced fruit size. However, the 
average fruit weight was not altered. 
Applying GA4+7 + BA to 'Chieftain' apple trees treated with 
different surfactants might have accentuated the effect of the 
growth regulator in increasing the size of apples by allowing more 
active material to be absorbed through the fruit cuticle and the 
leaves. This in turn could have increased mobilization into the 
fruits which resulted in increased growth. This was accomplished 
probably through the various properties of the surfactants which 
acted either on the fruit cuticle itself and made it more permeable, 
or physically retained the growth regulator, allowing more time for 
its absorption. 
Nu-Film-17, which is a sticker, could have allowed more time 
for the growth regulator to be absorbed and reduced drip and 
bouncing-off by increasing the adhesion between the growth regulator 
and the fruit surface. Regulaid, Triton B-1956, and Plyac were 
effective in increasing the size of the fruits only when the growth 
regulator was used at 25 ppm. This could indicate the relative 
effectiveness of the different surfactants in enhancing absorption. 
These surfactants were thought to have lowered the interfacial tension 
and reduced the contact angle between the growth regulator and the 
fruit surface. These substances were not as effective as Nu-Film-17, 
probably because the latter reduced losses of the growth regulator 
by a more effective reduction of dripping, bouncing-off, and possibly 
evaporation. 
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Anatomical Study 
It was reported by numerous researchers that cell division in the 
apple fruits takes place between fruit set and four to six weeks after 
full bloom depending on the cultivar (5, 10, 25, 76, 109, 122). As a 
result of cell division, the fruit specific gravity is expected to 
increase since increased cell division will increase the density of 
cell material per unit volume. In this study, cell division was deter­
mined based on the increased cell number and specific gravity over the 
control during the beginning of the season. At the end of the season, 
it was based on increased cell number and cell dimensions as compared 
to the previous weeks and the control. The continuation of the increased 
cell number over consecutive weeks was referred to as prolongation of 
cell division. Cell enlargement was determined based on the increased 
cell dimensions in either section over the control. 
The treatments did not alter cell division in the fruit cross 
section during development or at harvest. In the longitudinal section, 
there were varying responses to different growth regulator applica­
tions. Cell enlargement was enhanced in both cross and longitudinal 
sections. 
The number of cells in apple fruits treated with GA4+7 + BA t 
Nu-Film-17 or BA was increased by two weeks after treatment, and 
the specific gravity was slightly increased during the same period. 
This is evidence that more cell material was laid down. It is therefore 
concluded that these treatments increased cell division in the longi­
tudinal section. The fact that the GA^^y treatment had no effect in 
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increasing cell division at two weeks after treatment is evidence that 
the increased cell division in fruits treated with + BA ± Nu-Film-
17 can be attributed to BA. The increased L/D ratio and total cell area 
in the longitudinal section at two weeks after these treatments can be 
associated with the increased cell division and possibly cell enlarge­
ment. Similarly, the slightly increased cell division and cell enlarge­
ment in GAg+y-treated fruits could account for the increased growth at 
two weeks after treatment. Sommer (111) found extensive stimulation of 
cell division in the phloem parenchyma of pea stem sections treated with 
lAA, GA, and lAA + kinetin. Galston et al. (38) reported that these 
compounds altered the geometry of growth in the longitudinal plane of 
the pea sections. Benzimidazcle, a synthetic analog and metabolite 
antagonist of adenine, on the other hand, altered the geometry of growth 
in the cross section (38). It seems that in the apple, the number of 
cells in the cross sectional plane is predetermined by full bloom and 
the orientation of cell division thereafter is in the longitudinal 
plane. This was enhanced by applying BA. It is therefore suggested 
for future research that the application of GA4+7 + BA or BA on apples 
should be done some time between tight clusters and FB for possible 
enhancement of cell division not only in the longitudinal section, 
but also in the fruit cross section. 
Sachs and Lang (103) found increased cell division and elongation 
in the longitudinal section of Hyoscyamus niger stems treated with GA. 
Also, Greulach and Haesloop (43) concluded that GA applied to Phaseolus 
vulgaris not only induced elongation, but also cell division, and that 
GA may have also influenced the plane of cell division. Street et al. 
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(115) reported that GA prolonged the period of cell division and 
increased the final cell number per unit volume of Acer pseudo-
pi antanus L. tissue grown in suspension culture. The GA^+y-treated 
apples started to show increased number of cells at six weeks after 
FB; it is suggested that cell division was increased in the fruit 
longitudinal section. These results agree with previous reports which 
suggested that cell division in the apple fruit persisted from four to 
six (5, 10, 24, 108, 118) and 12 weeks after full bloom (25). 
Guttman (46) reported that kinetin prolonged the mitotic period 
of the dividing onion root cells. In this study, the increased number 
of cells between six and eight weeks after FB in the longitudinal sec­
tion of fruits treated with BA, GA4+7, or their combination can be 
attributed to increased cell division. It could also have been a 
prolongation of cell division since the number of cells in 6A4+7 + BA 
± surfactant and BA-treated fruits was only slightly increased over 
the control between four and five weeks after FB. The increased cell 
number in the longitudinal section of fruits treated with GA4+7 + BA 
± surfactant at six and eight weeks after FB can be attributed to both 
GA4+7 and BA since both of these compounds increased the cell number 
during the same periods. Since the number of cells due to the GA4+7 
+ BA + surfactant treatment was different from the same treatment without 
the surfactant at six weeks after FB, it is suggested that the presence 
of the surfactant enhanced the effect of GA4+7 + BA. 
The increased L/D ratio of the treated fruits, the total cell area 
in the longitudinal section, as well as the slightly increased fruit 
volume and weight between four and eight weeks after FB can be 
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attributed to increased cell division and cell enlargement during the 
same period. 
Looney (69) reported that ethylene evolution was increased in 
'Mcintosh.' apples pretreated with auxins. In the present study, 
'Chieftain' apples treated with 3-CPA started to have increased number 
of cells over the control at three and seven weeks after treatment 
(11 and 15 weeks after FB). This suggests that this treatment possibly 
increased cell division. However, since cell dimensions during the 
same periods were not different from the control, it is suggested that 
the growth in these fruits was retarded possibly by ethylene evolution 
which is often associated with exogenous auxin applications. This 
could have resulted in increased number of cells per unit area. 
Although the L/D ratio of these fruits was increased over the control, 
fruit volume and weight were not different from the control between 
11 and 15 weeks after FB. 
The increased number of cells in the treated and control apples 
at maturity indicates cell division since the number of cells at 15 
weeks after full bloom was less than at maturity. This finding is 
unexpected since all the previous reports found that cell division 
took place only as late as 12 weeks after FB. In the present study, 
it seems that the weather conditions during the growing season may 
have been a factor. Drought conditions prevailed from mid June to 
the middle of August, subjecting the trees to stress conditions and 
retarded fruit growth. During the last five weeks of growth, rainfall 
was intense and the trees were no longer affected by the stress and 
the fruits seemed to have resumed growth. These factors could have 
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initiated cell division. Nevertheless, the effect of BA on cell division 
was enhanced since GA^+y + BA t Nu-Film-17 and BA increased cell divi­
sion, whereas it ended by eight weeks after FB with the GA4+7 treatment. 
Similarly, the 3-CPA treatment did not increase cell division at 
maturity. It is suggested that the presence of the surfactant enhanced 
the effect of 6A4+7 + BA on cell division since the GA^+j + BA + 
surfactant treatment increased the number of cells over the BA and 
GA4+7 treatments, whereas GA^+y + BA was only different from GA^^y. 
Since cell division at maturity occurred only in the fruit longi­
tudinal section, this is further evidence that the number of cells in 
the cross section is predetermined and cell division is completed 
probably by bloom. 
The increased L/D ratio of the treated fruits at maturity could 
be attributed to slightly increased cell division and increased cell 
enlargement due to GA4+7 and 3-CPA treatments. It can also be attrib­
uted to increased cell division and cell enlargement associated with 
GA4+7 + BA t Nu-Film-17 and BA treatments. The increased cell division 
at eight weeks after FB and the increased cell enlargement at nine weeks 
after FB can be associated with the increased weight and volume of the 
GA4+7 + BA ± surfactant and GA4+7-treated fruits. The specific gravity 
at nine weeks after FB in 'Chieftain' apples treated with GA4+7 was 
reduced as compared to the control. This can be attributed to increased 
cell enlargement during that period. 
Treating 'Chieftain' apples with BA or 3-CPA resulted in slight 
increases in fruit volume and weight during development over the 
control. However, at maturity the volume and weight of the treated 
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fruits were slightly less than those of the control. These increases 
are thought to have occurred due to increased number of cells in the 
fruit longitudinal section, as well as cell enlargements in both 
sections during the fruit development. The slight decreases in the 
fruit volume and weight at maturity, in spite of increased cell 
numbers, were probably due to the increased number of cells at the 
expense of intercellular air space which greatly decreased in both 
sections of the treated fruits between 15 weeks after full bloom and 
fruit maturity. 
Vasil (127) reported that kinetin induced cell division in onion 
anthers, whereas GA induced both cell division and cell enlargement. 
Similarly, Guttman (46) reported increased cell division in onion roots 
treated with cytokinins, and concluded that these treatments could 
change the mean duration of mitosis. In the present study, although 
GA4+7 increased cell division, it had a more pronounced effect on cell 
enlargement. However, BA had a more pronounced effect on cell division 
than on cell enlargement, and 3-CPA increased growth by cell enlarge­
ment. Adamson (2) reported that kinetin and auxin increased cell 
division and cell expansion in Jerusalem artichoke tissue. Kuraishi 
and Muir (59) reported increased auxin concentrations when dwarf, 
normal pea, and sunflower plants were treated with GA. Sastry and Muir 
(105) reported that diffusible auxin was detected in tomato flowers 
after anthesis. They suggested that the stimulus of pollination in 
fruit growth arises from gibberellin in the pollen which in turn 
results in the production of diffusible auxin. In this study, it is 
possible that GA4+7 and BA could have increased cellular growth through 
83 
the fruit auxins. To be able to determine more precisely the magnitude 
and timing of cell division, future research should be concerned not 
only with cell numbers but also with the mitotic figures as an indicator 
of the occurrence of cell division and/or enhancement. Future research 
should also try to correlate the levels of endogenous hormones with the 
increased cellular growth. 
The increased total cell area at maturity was probably due to the 
unexpected cell division in fruits treated with GA4+7 + BA t surfactant 
and BA and mainly due to cell enlargement in those treated with GA^+y 
and 3-CPA. 
It was reported by previous workers that the intercellular air 
space in the apple fruit increases during development (5, 8, 100). This 
is in accord with the present results on the control. In the treated 
apples, however, due to the increased cell division and/or cell 
enlargement, the total cell area was increased and consequently the 
intercellular air space was reduced in the longitudinal section. Bain 
and Robertson (5), working on the morphological development of the 
'Granny Smith' apples, reported that the amount of intercellular air 
space was about 30 percent. The results of this study in the cross 
section of the control fruits are in accord with their findings, but 
the longitudinal section was different from the cross section. It is 
therefore suggested that future research on the apple anatomy should 
be concerned with both cross and longitudinal sections. 
Since GA4+7 + BA applications on 'Chieftain' apples in 1977 
resulted in increased numbers of cells and cell dimensions, it seems 
that the increased size and weight of 'Chieftain' apples treated with 
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GA4+7 + BA in the presence of daminozide in 1976 were due to increased 
cell division and cell enlargement associated with GA4+7 + BA treatments. 
It is also possible that the action of these growth regulators resulted 
in increased mobilization of nutrients and photosynthates into the 
actively growing fruits, since it was reported that such compounds 
increase mobilization either directly or indirectly CIS, 47, 48, 99). 
These results seem to agree with several workers who reported increased 
fruit weights and growth as a result of treating with GA (71, 96), GA 
or 4-CPA (88, 129), and GA4+7 + BA [125, 126, ,135). Bukovac and 
Nakagawa (16) and Nakagawa et al. (87) reasoned that the increased 
growth of apple fruits treated with GA4 resulted in enhanced metabolic 
activity directing transport of metabolites to the treated fruits and 
there the metabolites caused the growth response. In the present study, 
however, since cell division and cell enlargement were the criteria 
considered to indicate growth, it is thought that an "increased accumu­
lation of metabolites" could have resulted in increased cellular 
activity to permit increased growth. 
Bukovac and Nakagawa (16) reported that cortical growth in GA4-
treated parthenocarpic and seeded 'Wealthy' apples were not different. 
They suggested that the meristematic centers in the seeds produce 
growth substances which pass into adjacent tissue and there stimulate 
growth. GA4 and GAy have been reported to be present in immature apple 
seeds (26, 28, 74). It is suggested that in the present study, since 
there were no differences in the number of seeds developed per fruit in 
1977, the applied GA4+7 caused the increased fruit growth primarily 
through cell enlargement. 
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Several hypotheses have been suggested concerning an interaction 
between GA and auxin on cell growth (14, 37, 55, 56, 116). Purves and 
Hillman (98), however, proposed that GA and auxin made independent 
contributions to cell enlargement. The results of this study have 
revealed that treating with GA4+7 had a more pronounced effect on cell 
enlargement as compared with BA. A combination of GA4+7 + BA increased 
cell division- and cell enlargement. It seems in the combination of GA4+7 
+ BA, the ability of these compounds to enhance cell growth was channeled 
between cell division and cell enlargement. Applying 3-CPA on 'Chief­
tain' apples increased cell dimensions one week after application and 
at maturity. Both 3-CPA and GA4+7 were equally effective in increasing 
the length of the cell major axis in the longitudinal section during 
development and at maturity. Although the results of this study cannot 
refute any of the previous hypotheses, it seems that since GA4+7, BA, 
and 3-CPA increased cell enlargement, the possibility of an interaction 
between the various growth regulators on the fruit growth exists. 
Steeves and Briggs (113) reported that lAA applications to Osmunda 
cinnamomea promoted xylem differentiation. Similarly, Pieniazek and 
Saniewsky (94, 95) reported that BA applied separately or in combination 
with methyl-2-chloro-9-hydroxyfluorene-9-carboxylate caused the forma­
tions of new xylem and phloem rings and enhanced the width of the phloem 
in apple trees. Enhanced xylem and phloem formation might have occurred 
in the treated trees and/or fruits in this study. This could have 
resulted in increased translocation of nutrients and accumulation of 
metabolites which finally resulted in increased fruit length and slightly 
increased number of large size fruits. 
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The possibility of increased translocation and mobilization in the 
treated apples should be looked at in further research by studying the 
effect of these growth regulators on the fruit vascular tissue. This 
is suggested since several workers have reported that applications of 
lAA, GA, or BA resulted in increased translocation and mobilization of 
organic or inorganic compounds that are necessary for cell division and 
growth in various plant tissues (30, 47, 48, 81, 101, 102, 130). 
There have been several theories concerning wall loosening and 
cell elongation. These reasoned that cell elongation took place through 
an auxin action by the removal of Ca ions from the cell wall by chela­
tion (5, 50), aethylation of the carboxyl groups (91, 92), or by acting 
on the pectic substances present in the cell wall (20). Frey-Wyssling 
(36) suggested that cellular growth must be considered as the integral 
of a series of discontinuous, localized extension reactions in the cell 
walls. It was reported that there was an interaction between auxin and 
kinetin (2, 3, 81), and between auxin and GA (59, 93) actions on cell 
expansion. It is suggested in this study, regardless of the mechanism 
through which the treated apple cells enlarged, that GA^+y, BA, and 
3-CPA could have increased cell enlargement by acting dependently or 
independently of each other. 
SUMMARY AND CONCLUSION 
Applying GA4+7 + BA on 'Chieftain', 'Jonathan', and 'Delicious' 
apples in 1976 and GA/^+y, BA, GA^^y + BA t surfactant, or 3-CPA in 
1977 increased the fruit L/D ratio but did not alter the fruit volume, 
number of large fruits, specific gravity, starch content, or water 
core. Fruit weight was not altered in either the Chieftain cultivar 
in both years or in the 'Delicious' in 1976. The PF treatment of 
GA4+7 T BA at 25 ppm applied to 'Jonathan' apples in 1976 increased 
the weight of the fruits over the controls and other treatments. 
The GA4+7 + BA applied on 'Chieftain' apples at 25 ppm at FB in 
1976 delayed fruit maturity. In 1977, GA4+7 + BA + Nu-Film-17 and 
3-CPA treatments decreased the percentage of total soluble solids 
after four months in cold storage. 
The number of seeds per fruit was increased by applying 12.5 ppm 
GA4+7 + BA at PF on 'Chieftain' apples in 1976. Other growth regulator 
treatments applied in the same year or those applied in 1977 did not 
alter the number of seeds per fruit. 
Applying 25 ppm GA4+7 + BA at PF and daminozide ten weeks after FB 
on 'Chieftain' apples overcame the size-reducing effect of daminozide 
by increasing the number of large size fruits and average fruit weight. 
Application of GA4+7 + BA at 12.5 and 25 ppm at PF and surfactants 
on 'Chieftain' apples did not affect the average fruit weight. However, 
the surfactant sprays and 25 ppm GA4+7 + BA treatments in 1976 enhanced 
the effect of the growth regulator and increased the number of large 
size fruits. Only 25 ppm GA4+7 + BA applied in 1976 in the presence 
of Nu-Film-17 increased the number of large size fruits as compared to 
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GA4+7 + BA alone. Applying 12.5 ppm GA4+7 + BA at PF on Nu-Film-17-
treated 'Chieftains' increased the number of large size apples over 
the control, but not over the other treatments. 
Treatments containing GA4+7 + BA ± Nu-Film-17, GA4+7, BA, or 
3-CPA applied on 'Chieftain' apples had no significant effect on the 
number of cells in the cross section of the fruits. In the longitudinal 
section, GA4+7 + BA ± Nu-Film-17 and BA containing treatments increased 
cell division by three weeks after FB. The effect of these treatments 
persisted through development and until maturity. The GA4+7 increased 
cell division only between six and eight weeks after FB. Applying the 
3-CPA containing treatment had no effect on cell division. 
Cell enlargement was observed in both sections and was expressed 
as increased cell dimensions. Different growth regulators differed in 
their effects in increasing either the cell dimension in the major or 
the minor axes. In the cross section, the increased cell dimensions in 
the treated apples persisted until nine weeks after full bloom. In the 
longitudinal section, the effect by increasing cell dimensions due to 
^^4+7 + BA + Nu-Film-17 and BA lasted until nine and 15 weeks after full 
bloom, respectively, whereas those of GA4+7 + BA, GA4+7, and 3-CPA 
lasted until maturity. In the longitudinal section, the total cell area 
was increased due to all of the treatments at all times. 
This study showed that application of various growth regulators to 
the three apple cultivars improved the quality of the fruits by increas­
ing the L/D ratios. It also showed that applications of GA4+7 + BA 
overcame the negative effect of daminozide by increasing the size of 
the fruits. This was attributed to the increased cell division and 
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cell enlargement due to GA4+7 + BA. The results of this study also 
showed that BA was primarily associated with increased cell division, 
3-CPA and GA4+7 were responsible for cell enlargement, and a combination 
of GA^+y and BA increased both cell division and cell enlargement. 
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